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.liillN    MiI.KIsil,    l;>y  ,    U.A., 

Acting  Dirn-tiir  Mini-  Hraiirli. 
Dt'purliiifiit  "f  Mines, 
Ottawa. 

SiK,  I  .siil)tiiit.  hiTcwitli,  u  miicral  report  mi  Potash  Recovery  at 
(Vlllfllt  I'huits.  'I'll.'  ilivcstiuatioiis  upon  wliieli  the  report  is  |,;ise.|  were 
made  miller  the  auspiees  of  the  War  Trade  Moanl.  Th.'  ir.lorii.alion 
Kiitliereii  i  of  cointnereial  interest  to  tnany  persons  in  CaMa.la,  hence  it 
appears  desirahh-  to  render  it  aceessil.le  to  all  who  recpiire  it,  and  \«  preserve 
It  as  a  permanent  reeord  of  the  investigation.  I  therefore  recommend 
that  the  report  I   ■  issued  as  a  bulletin  hy  the  Mines  Hraiieh. 

I    ''ave    the    honour    to    he,    Sir. 

\'i)iir    otiedieiit    servant, 

Signed )     Alfred  W.  C.  Wilson. 

()ttaw.\,  May  ti,  UH?). 
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POTASH   RECOVERY  AT   CEMENT   PLANTS. 

INTRODUCTORY. 

The  inv«'stiga1i(ms  upon  which  this  bulletin  is  liascd  were  undertaken 
under  instructions  from  the  Chairnian  of  the  ("oinniittee  of  Reconstruction 
and  Development,  and  the  War  Trade  Hoard.  Their  purpose  was  to 
have  available,  in  ( )ttawa,  the  most  recent  informiition  with  respect  to  the 
progress  that  has  been  made  in  the  develo|)ment  of  successfid  processes 
for  recovering  potash  from  flue  dust  in  .-i  form  suitable  for  industrial 
[nirposes. 

l\)tash  salts  have  not  been  [jroduced  in  Canada  on  a  commercial 
scale.  We  are  now  saviiij;  or  produciiifi;  a  small  amount  of  potash-bearing 
materials  which  are  bein^  \itilized  in  the  fertilizer  industry,  but  the  total 
amount  available  is  not  ecpial  to  our  own  needs.  I'rior  to  the  war  we 
imported  all  the  compounds  of  potash  required  by  our  industries,  chiefly 
from  (iermany,  minor  importa1i(jns  coming  from  (!reat  Britain  and  the 
United  States.  Hoth  these  countries,  however,  and  nearly  all  other  coun- 
tries of  the  world,  also  derived  their  principal  supplies  of  the  prinuiry  .salts 
from  (iermany. 

The  average  annual  cash  value  of  all  ])otash  salts  imixirted  during  the 
five-year  period  l!tl()  to  UM4  (ending  March  151),  on  the  basis  of  in»port 
data  published  by  the  Department  of  Customs,  was  I?.')(I8,7()2.  This 
includes  an  amount  of  .SI")"), 243  given  as  the  import  value  of  certain  potasli 
salts  which  are  tised  chiefly  in  the  fertilizer  industry  for  food  production. 
The  other  salts  imported  were  utilized  by  other  Canadian  industries, 
chiefly  in  the  recovery  of  gold  and  silver,  in  glass  making,  in  tanning,  and 
in  certain  chemical  manufacturing  processes,  including  soaps. 

The  total  weight  of  potash  salts  available  for  fertilizers  averaged 
S,77;5,()()4  pomids,  during  each  year  of  the  five-year  i)eriod  prior  to  the  war. 
The  classification  adopted  by  the  Department  of  Customs  fails  to  take 
cognizance  of  the  market  basis  on  which  these  salts  are  sold,  and  it  is 
impossible  to  estimate  the  actual  i)otash  content  of  the  various  salts 
imported.  These  are  all  lumped  together  in  the  published  .statistics, 
regardless  of  composition  or  of  commercial  value.  It  is  probable  that 
Canada  at  present  consumes  oidy  about  1,200  tons  of  imtasl;  (K2())  per 
annum,    in    fertilizers. 

Corresponding  weights  and  values  of  importations  for  the  four  years 
of  the  war  are  shown  in  Table  I  on  page  0.  The  decline  in  (piantity 
as  well  as  value,  together  with  the  increase  in  unit  value,  is  mo^t  marked. 

It  is  \mnecessary  to  discuss,  in  thi-  report,  the  importance  of  suitable 
potash  .salts  for  utilization  in  manufacturing  mixed  fertilizers.  Food 
production  not  only  cannot  be  maintained,  but  it  will  show  a  very  marked 
decline  if  these  salts  are  not  available  as  ))lant  food.  In  the  future,  in 
addition  to  c)ther  constituents  of  plant  foods,  we  are  going  to  re(iuire  much 
larger  (luantities  of  potash  salts  to  maintain  grain  production  in  the  West. 
The  rapid  decline  in  the  acre  yield  of  many  areas  in  Manitoba  is  due,  largely, 
to  the  removal  and  export — over    a    term    of  j'ears-  of  important   soil 
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cliciiiicals,  cliicliy  potiisli  salts  and  pliosphatcs,  and  to  tlic  failiirr  to  icplar.' 
tlifsc  losst's.  In  l>ricf,  it  may  lie  stated  tliat  potasli  salts  arc  ahsoiutcly 
csscntial  to  food  production,  and  an  independent  home  Miurce  of  -iipplv 
.seems  desirahle  in  th(>  national  interest. 

At  the  present  time  fifteen  cement  plants  in  the  liiited  Stal^-  have 
installed,  or  are  installinR  potash  recovery  ("(luipment.  In  tho>e  piant> 
where  tlie  (Minipment  was  installed  two  years  or  more  a^o,  their  principal 
l)usiness  (hiring  the  last  year  of  tlie  war  was  potash  reioverv,  the  c.inent 
produced  heinj;  rather  of  tlic  nature  of  a  l>y-j)roduct.  Severiil  plants  paid 
for  their  entire  installation  within  tlie  first  year  of  operatinjr,  and  many 
of  them  appear  couhdent  of  their  ability  to"  continue  in  operation  un(hr 
liornial  conditions. 

The  total  outpui  of  all  potash  mat(;rials  in  the  United  .Slates,  in  1017, 
was  r2(),.')77  short  tons,  which  contained  ;52,:{(i(;  tons  of  pure  jjotash  iK.O) 
or  2t)-4  i)er  cent.  'I'his  was  more  than  three  times  the  i)roduction  in  the 
previous  year.  The  production  in  lltlS  has  been  almost  .VJ.ODO  tons  of 
pure  potash.  The  total  recpiirements  of  the  United  States  are  said  to 
be  about  24(),()()()  tons. 

In  l<tl7  about  b'l  per  cent  of  the  total  production  c  iiotash  was  derived 
from  brines:  about  10  per  cent  from  kelp;  nearly  !)  per  cent  from  charred 
niolas.ses  residues;  and  about  .")  per  cent  from'  cement  mills.  Cement 
mill  pnnhiction  of  potash  in  1!)18  was  equivalent  to  l,42!l  tons  of  pure 
potassium    oxide. 

In  Canada,  there  an'  two  important  potential  sources  of  potash  supply 
-the  cement  mills  and  the  blast  furnaces.  The  l;itter  source  has  not  yet 
been  investiKated,  althoufih  one  steel  plant  reports  a  liiiih  potash  content 
in  the  du.st  from  the  .stoves.  In  the  United  States  three  steel  plants  are 
said  to  be  recovering  potash  from  their  flue  Rases,  experimentally.  It 
is  reported  that  in  England  a  lar^e  quantity  is  IxMnp  recovered  from"  blast 
furnace  Rases,  and  that  eventually  this  will  jjrobablv  be  sufficient  to  provide 
for  home   requirements  at   least.' 


'C'.iniimre  with  th..  Hcwr.!  ,if  Trailo  Ji)urn;il,  I.,.n.ion.  .S<,pt..S,  191S,  p   W.i, 
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TABI.K   I. 
Imports  of   Potash  Salts. 
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On  another  |)uk<'  will  l„.  found  a  con.plHc  list  showinR  the  names 
(.f  all  n.anufartur.Ts  of  portland  cement,  in  whose  plants  potash  reeoverv 
wiuipnient  is  known  to  have  I.een  installe.l,  or  t..  hv  in  eourse  of  installation 
in  December,  1!»18.  Mr.  Shirley  Harr,  an  engineer  in  the  employ  of  the 
Canada  (,einent  Company,  .Montreal,  and  the  writ.T,  were  prU-ileued 
to  inspect  in  de'ail,  twelve  out  of  the  fiftc-n  installations  in  the  Tnited 
."States  1  he  three  ,,!;.nts  onntted  were  under  construction,  and  the  eduin- 
ment  for  the  most  part  duplicates  that  seen  elsewhere. 

The  Mines  Branch  of  the  Department  of  Mines  is  under  ure.at  ohliija- 
fion  to  the  management  and  chief  technical  officers  of  the  various  plants 
visited  m  the  Inited  States  for  the  facilities  afTord..,]  us.  The  writer 
wishes  puWicly  to  acknowledge  his  ind.'l.tednes^  to  these  gentlemen  and 
to  thank  them  tor  the  uniform  courtesy  with  which  we  were  received  and 
for  the  frankness  with  which  our  iiupiiries  were  answered. 

It  isohviousthat  much  of  th<'  eriuipment  at  present  in  u.se,  and  portions 
ot  the  processes  now  employed  in  the  recovery  of  potash  from  cement 
mill  stack  gases,  are  development  of  new  ideas,  or  new  adai)tations  of  old 
proce.s,ses.  Some  of  the.se  new  ideas  have  Ix-en  protected  hy  patents 
others  have  not.  Since  much  of  the  information  available  is  at  present 
private  property,  it  is  not  possible  to  pre.sent  complete  descriptions  and 
plans  ot  the  several  installations  now  in  operation.  ( >nlv  brief  descriptive 
statements  can  be  giv.'n  in  this  report.  Where  descriptive  art.des  have 
been  published,  references  are  given.  Where  more  information  is  retiuired 
than  is  given  here,  the  reader  is  referred  to  the  management  of  the  oneratinn 
company  concerned. 

It  has  been  pos.sible  fo  in  produce  a  number  of    halftone  illu.strations 
showing  the  types  of  construction  in  u.se  at  typical  plants. 

As  this  report  is  going  to  press,  information  has  been  received  from 
the  (  anada  Cement  Company,  to  the  effect  that  thev  are  preparing  plans 

n'u'^  ''?,'f'' ,'■"■"'■'''■>■  '•"^<»''"t'«"  i»t  th.-ir  Port  Colliorne,  Ontario,  plant 
1  his  will  be  the  fir.st  installation  of  its  kind  in  (  anada 


HISTORICAL    REVIEW. 

It  has  long  been  known  that  small  ([uantities  of  silicates  of  the  alkaline 
metals  were  pre.sent  in  the  raw  mixture  used  for  the  manufacture  of  port- 
land  cement.  The  hrst  reference  to  the  occurrence  of  soluble  material 
containing  alkalies  m  the  dust  (f  a  cement  plant  which  has  come  to  the 
writers  attention,  was  by  Seger  and  Cramer  in  1!UI4.: 

They  found  that  dust  from  a  cement  works  consisted  of  43  (j.';  per 
eent  of  insoluble  and  m-^ir,  per  cent  of  soluble  material.  The  .solube 
portion  was  found  to  consist  of  (il  •  1  per  cent  F)f)tassium  sulphate  and  8-89 
per  cent   ,.ota.ssium  carbonate. 

R.  H.  Meade^  states  that  the  possibility  of  recovering  potash  as  a 
SS^  ,':'}.  '"  *l""  Portland  cement  indu.stry  was  first  pointed  out  by  Dr. 
(Iittord  Richardson  at  a  meeting  of  the  .American  Society  for  Testing 
Materials  at  Atlantic  City,  in  June,  1!)()4.     At  that  time  Dr.  Richard.son 

l«fl4.j  Mj'"  '"''  ^'  '''^"""'  '"  Thonind  -Zeit ,  1904.  Vol  28,  p  5,31.      Sco  al.-u  Jour  -Soc  Chem   Ind  .  June  30. 
•Pota«h  aa  a  By-Producl  o(  Cement  Industry,  Rock  Producte,  Vol    XXI,  July  17,  1918,  p    16 
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ealrulated  that  in  a  ccnit'iit  pl;iiit  tiiriiinu  out  4.0(10  l)arri'ls  of  ci'iiit'iit  per 
(lay,  tlicn?  would  Ih'  a  possible  profit  m  the  rcfovcrv  of  potash  of  tx-twccti 
$1(M)  and  S200  per  day. 

At  the  int'ctiiiu  of  the  .Vssociatioii  of  .Vincrican  Portland  Ccincnt 
MannfacturtTs  in  the  same  year,  Meade  himself  called  attention  to  the 
fact  tliat,  approxiniately,  one-half  of  the  pot;i>!i  in  tlie  raw  materials  was 
volatilized  in  the  hurninij  of  cement,  ami  that  the  crust  which  coHecfs 
on  the  walls  of  the  kiln  >tack  contained  a  (•onsi<leral>le  percentaKe  of 
potassium    sulphate,' 

It  does  not  appear  that  any  attempts  were  made  to  recover  the  solulili' 
potash  from  the  stack  dust  or  cement  plants  prior  to  the  war.  Standard 
practice  consi.sted  in  returning  this  dust  to  the  mix  whenever  it  was  collected. 

In  the  manufacture  of  ])ortland  cement  it  is  necessary  to  reduce 
both  the  raw  materials  and  the  finished  clinker  to  a  fine  state  of  division 
by  grinding.  As  a  natural  residt,  nuich  dust  escapes  into  the  atmosi)here 
in  the  vicinity  of  tfiese  plants,  eitli(>r  from  the  mill  buildings  or  tlirough 
the  stacks.  In  some  localities  tliis  dust  is  found  to  be  a  nuisance.  In 
certain  areas  in  California  where  orange  and  lemon  groves  predominate 
it  was  claimed  that  escaping  cement  mill  ilust  was  injurious  to  the  groves. 
In  Southern  ("alifornia  <'erta  n  orange  growers  institi;*ed  suits  against 
the  cement  plants  and  eventually  succec<led  in  having  them  enjoined  by 
the  courts  to  prevent  the  escape  of  d\ist,  if  their  operations  were  to  be 
continued.  The.se  plants  are  located  near  Riverside  and  near  C'olton. 
The  California  Portland  ('t>ment  Company  at  Colton  .-ittein  i)ted  to 
eliminate  the  du^t  nuisance  by  installing  large  dust  chambers  into  which 
the  flue  gases  were  led.  The  Riverside  Portland  Cement  Company,  at 
Riverside,  interested  themselves  in  the  electrical  precipitation  methods, 
which  were  then  bein-  developed  by  Dr.  F.  Ci.  Cottrell.  The  results  of 
their  experiments  has  finally  led  to  the  great  development  that  has  taken 
place  within  the  last  few  years  in  the  art  of  dust  collecting  by  electrical 
precipitation.  Soon  after  the  installation,  at  Riverside,  of  the  Cottrell 
system  for  collecting  dust,  it  was  noticed  that  this  dust  carried  a  rather 
high  percentage  of  potash  salts.  When  the  supplies  of  European  potash 
were  cut  oi^  by  the  war,  this  dust  became  a  saleable  article.  The  amount 
of  soluble  potash  present  in  the  dust,  as  recovered,  is  not  very  large,  and 
the  tlesirability  of  producing  soluble  potash  salts  in  a  more  concentrated 
form  was  quickly  evident.  Experiments  were  instituted  l)y  Huber  and 
Reath-  at  the  Riverside  plant,  and  they  succeeded  in  developing  a  satis- 
factory process. 

The  first  installation  at  an  American  cement  plant,  erected  primarily 
for  the  purpose  of  recovering  the  p<)tash  salts,  is  that  of  the  Security 
Cement  and  Lime  Company  at  Security,  Md.,  not  far  from  Hagerstown. 
This  company  installed  the  Cottrell  system  in  lOlti,  and  have  since  carried 
out  a  good  many  experiments.  Their  operations  have  been  very  succ(>ss- 
ful,  and  much  of  the  information  that  is  available  to  cement  manufacturers 
in  America  has  been  made  public  through  the  several  articles  piiblished 

'Richard  K.  Meade     Rocont   D.n'elnpmonts  in  tho  Cetnont   ImluHtrv.   Chem,    Met     I!nic  .  .S,^pt   27.  I'll** 
p  471      See  also  Chem   Eng  ,  Vol   2,  l'W5,  p  221. 

'Potaah  from  Cement  at  the  Riverside  Portland  Cement  Conipanv.    Met     ('hem     Knjt  .   June   1.5.    1UI7.   pp. 
701-3. 
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hy  their  iimnntjcr,  Mr.  .lolin  ,1.  Purler.  Much  additional  iiifortnation 
has  also  liccii  supplied  tliroutrli  the  Western  I'recipit.ilion  ("oinpaiiy.  of 
Los  ;\ii>reles,  whieli  controls  tiie  ])ateiit  rijilits  of  this  ysteiii  of  [irecipi- 
tation. 

Durinji  the  last  two  years  there  have  heen  (leveloped  in  the  western 
st.ites  several  systems  for  the  recovery  of  the  potash-hearing  <lust  which 
use  some  form  of  water  spray  for  eleaninji  the  jiases.  These  systems  have 
been  designed  in  the  atteiiipt  to  develop  a  process  that  will  show  a  liinher 
efJiciency  than  that  hitherto  obtained  by  electrical  i)recipitati()n  alone, 
as  applied  to  this  purpose. 

At  the  present  time  10  cement  i)lants  are  known  to  have  installed 
e(iui[)ment  for  the  purpose  of  preventing  the  escape  of  flue  dust.  Seventeen 
of  these  plants  were  erected,  or  are  in  course  of  construction,  for  the  |)';rpose 
of  recovering  the  potash  in  the  dust.  One  of  the  remaiiiiuf:  two  disposes 
of  its  flue  dust  as  a  potash  fertilizer  to  local  tra<Ie  (hiring  certain  seasons 
of  tlie  year.  The  other  in.sfallation  is  for  dust  collection  only.  In  the 
United  States  there  are  nine  electrical  precipitatioi!  installations  in  cement 
plants.  Thi>re  is  also  one  in  Norway,  one  in  Sweden,  one  in  Spain,  and 
one  in  Japan.  There  are  six  ceim-nt  plants  in  the  United  States  using 
five  difTerent  system.s  of  water  sprayinu  for  the  recovery  of  the  flue  dust. 

TAHI.i:   II. 
Cement   Plants  provided  with   Potash   Recovery   Fquipment. 

KI.K<  THICAI,    INSTALLATIONS. 

AkticVdliiRt  Kinissions  Institet,  Skanor,  Swctlcn. 

Alpha  I'ortland  Cement  ('imii)any,  ("ciiii'iiton.  N.V. 

Asano  I'ortliind  ("eincnt  Cimipany,  Tol.io,  Japan. 

/sland  Portland  t'cnicnt  Company,  Mourada,  Spain. 

Cli..('hfield  I'ortland  Cement  Company,  KinKsjKirt,  Tcnn. 

Copley  Cement  Manufacturing  Company,  Saylors,  I'a. 

Dalen  Portland  Cement  Company,  Hrevig,  Norw.iy. 

Dexter  Portland  Cement  Company,  N'azarelli,  Pa. 

Ironton  Portland  Cement  Company,  Ironton,  Oliio. 

Newaygo  Portland  Cement  Company,  >'ewaypo,  Midi. 

Kiverside  J'orlland  Cement  Comi)any,  Hiverside,  Cal. 

.Security  Cement  and  Lime  Company,  Seeurity  ^near  Maui  rstown.  Md  ) 

Universal  Portland  Cement  Company,  HutTington.  ln<l. 

SPl'.AY    SVSTKMS. 

(.'alifornia  Portl.,nd  Cement  Company,  Ciilton,  Ca!. 
Golden  State  I'ortland  CVmcL    Company,  Oro  Crande,  Cal. 
Ogden  I'ortland  Cement  Comi)any   HakeVs,  I'lali. 
i'ortland  Cement  Company  of  Itali,  Salt  l>akc  City,  Itah. 
Santa  Cruz  Portland  Cement  Company,  Davenport,  Cal. 
Southwestern  Cement  Company,  Victorville,  Cal. 


NOTES  ON  THE  CHEMISTRY   OF  THE   PROCESS. 

The  raw  materials  used  in  the  manufacture  of  port  land  cement  are, 
usually,  some  form  of  limestone  (or  marl),  and  clay,  or  shale.  These 
materials  are  pulverized  separately  to  a  very  fine  state  of  division,  and 
are  mixed  in  tli(>  proper  proportion  as  determined  l>y  experience.     Tliey 


Ill 


itrcllicii  Milmiilti'd  to  m  liit;li  Icmpcrnturr  in  ;i  ^pcciul  <.v|h'  of  kiln.  llt;it 
is  Mipplii'il  liy  the  ((iiriinistioii  of  s(/inc  form  of  fuel.  In  custcrn  Aniciicii. 
pulvcri/.cd  cdiil  is  ainuist  invariiiMy  used.  In  <'('rtain  of  ihc  western 
states,  natural  petroleums  are  employed.  In  a  few  plants  natural  niu» 
is  utilized  for  hurninu.  At  a  temperature  of  al)o'it  7IHI"  C,  the  earlionates 
in  the  limestone  are  decom[)ose(l,  with  liberation  of  earlion  dioxidi',  and 
till'  formati<in  of  lime.  M  temperatures  of  aiiimt  1  j;>(l°  ('.,  the  lime  sinters 
with  the  silica  and  alumina  of  the  clay  or  shale  to  form  cemeni  clinker. 
The  sintired  clinker  after  (oolinjj  is  finally  comminuteil  in  special  pulver- 
izin>j  machinery,  and  forms  the  cement  of  commerce. 

The  teases  which  pass  throuiih  tlii'  stacks  usually  cont.iin  lartre  or 
smaller  (piantities  of  the  followinu  products;  water,  in  the  form  of  steam 
derived  from  that  present  in  the  r;iw  materials,  or  formed  during;  the 
comhustion  of  the  fuels;  carlion  (lioxi<le,  liherated  on  the  decomposition 
of  the  limestone,  and  formed  during  the  complete  comhustion  of  the  carlion 
element  of  the  ft'e!:  carlion  monoxide,  due  to  incompleti'  comliustion; 
sulphur  dioxide,  formed  frou'  sul|)hur  in  the  fuel,  or  lilierate<l  on  the 
decomposition  of  n.vpsum  present  either  in  tlie  raw  mix  or  in  the  fuel; 
sulphur  trioxide.  formed  from  the  dioxiile  liy  the  catalytic  action  of  dusts 
in  the  stack;  nitrogen,  derived  from  the  air  supplied  for  comliustion; 
and  occasionally  a  small  excess  of  uiicomhined  oxygen.  The  stack  jiases 
also  contain  the  volatilized  salts  of  a  certain  portion  of  the  alkaline  metals 
.sodium,  potassium,  and  lithitim)  present  in  the  original  raw  materials 
used,  and  consideralile  (piantities  of  dust  derived  from  the  raw  mix  charned 
or  from  the  fuel  a>h  where  coal  is  used. 

In  averafic  pr.'ictice  it  is  found  that  aliout  (iOS  poumis  of  <lry  raw  mix 
are  reiiuired  to  |)foduce  <i!ie  liarrel,  or  !S0  pounds,  <if  cement,  iln  ''anad;', 
54()  pounds  of  dry  raw  mix  to  produce  one  barrel,  or  ;{.")()  pounds,  of  cement.) 
.■\'.>o\it  KM)  pounds  of  coal  havintJ  a  heating  value  of  1:5, .')()(>  M.  Th.  l'.  are 
reipiired  to  liurn  thi;  material.  Where  petroleum  is  used  as  fuel,  ahout 
9-4  fiallons.  havinsi  a  heating  value  of  1S,.H0()  B.  Th.  l'.  per  pound,  are 
required. 

Tliere  are  two  jirincipal  methods  of  cement  mauiifacture.  us\ially 
termed  the  dry  process,  and  the  wet  process.  As  the  name  indicates, 
in  the  dry  process  the  raw  mix  is  fed  direct  to  the  kilns  iii  a  dry  state  as 
it  comes  from  the  imhcrizers.  In  the  wet  process  the  raw  mix  is  j^round 
with  water  to  form  a  slurry.  Slurry  as  fed  to  the  kilns  contains  from  '.]H 
to  aliout  -4.")  per  cent  of  water, whicli  must  first  lie  evaporated  liefore  tin' 
hurniufi  process  can  lie-in.  It  is  olivious,  thai  owiny;  to  the  presenci'  of 
this  lar^e  (pnmtity  of  watt'r,  the  temperature  of  the  escaping;  flue  jra.-i-s, 
where  the  wet  process  is  in  use,  will  lie  lower  than  in  the  dry  process. 

Ti  I  emperatiires  ot  th(>  stack  gases  as  tiny  leave  the  kilns  are  usually 
about  800°  ('..  in  the  dry  process,  and  l')0°  ('.  in  the  wet.  The  maxinnim 
temperature  in  the  zone  of  jjn'iitest  heat  is  about  14:10°  ('..  occasionally 
slifjhtly  higli(>r.  The  temptTature  of  the  clinker  at  the  point  of  dischar};e 
is   usually    about    700°    C. 

As  re<:ar(ls  the  by-products  which  are  available  in  cement  mill  practice. 
approximately  Ki  per  cent  of  t!ie  total  heat  generated  is  carrieil  out  of 
the  kiln  witli  the  clinker.  Occasionally,  a  portion  of  this  heat  is  used  for 
preheating  tl'.e  air  supply.     About  45  per  cent  of  the  heat  is  ciirried  oist  cf 
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tlif  kiln  by  the  diist-ladcn  line  t?ii'<«'f'.  !"><!  iippniximatcly  ID  per  cent,  or 
liiKlicr,  is  lost  t)y  radiation.  In  ordinary  prai'tirc,  al)out  4K0  pounds  of 
carbon  dioxide  per  harrri  of  ccincnt  escape  witli  the  Hue  nases,  slightly 
less  than  one-half  of  this  heinn  dervied  from  the  liniestoiic  in  the  cenieiit 
mix.  'I'he  (piantity  of  potassium  salts  carried  out  with  thi'  Hue  iliist  ami 
Rases  varies  in  orilinary  practice  from  2  to  about  7  (>ounds  per  barrel 
of  cement.  Sodium  and  lithium  oxides,  liberated  in  asso<'iation  with 
potassi\im  oxide  and  volatile  salts  of  these  metals,  are  also  found  in  the 
Hue  dust  and  nii'*'''*' 

Thi'  salts  of  the  alkaline  metals  which  are  found  in  the  Hue  Kases  and 
dust,  are  derived  from  alkaline  silicates  present  in  the  raw  materials  used 
in  the  cement  manufacture.  The  ^rt'i'ter  portion  of  these  is  usually  found 
in  the  clay  )r  shale  used  in  makin)r  the  raw  mix.  Small  amounts  may  be 
derived  from  the  limestone,  or  from  the  ash  of  the  coal  u.sed  for  fuel. 

Anal.vsis  of  the  raw  mix  from  Canadian  plants  shows  a  variation  in 
potash  content  between  ()•.')()  and  1  Oi  per  cent.  In  the  process  of  burning, 
the  potash-carryinn  silicates  are  decomposed  at  the  h'lfiU  temperatures, 
probably  owinn  to  reactions  with  the  lime.  There  are  present  in  the 
kiln  Kases,  <'arbon  dioxide,  sulphur  dioxide,  and  possibly  other  compoumls. 
C'onseciuently,  the  formation  of  a  number  of  ditTcrent  alkaline  salts  is 
possible.  The  potassium  salt  which  occurs  in  the  larnest  amount  is  the 
sulphate.  The  thiosulphate.  the  sulphide,  and  the  carbonate,  also  occur. 
I'nder  certain  conditions  the  odour  of  sulphuretted  hydrogen  can  be  iKtIed 
in  the  escaping  nases,  and  the  elemental  sulphur  has  been  found  on  the  walls 
of  some  of  the  treaters.  The  correspondinK  salts  of  sodium  and  lit|)ium 
I)rolHibly  also  occur. 

Where  petroleum  is  used  as  fuel,  it  has  been  found  that  a  greater 
proDo'iion  of  the  potassium  salts  in  the  recoverecl  dust  is  soluble  than  where 
the  l.iel  used  was  coal.  I'urther  investigation  showed  that  it  was  probable 
that  in  the  latter  case  th(>  silica  from  the  ashes  of  the  coal  combined  with 
t'-r  alkaline  salts  to  form  a  silicate  which  was  insoluble  in  cold  water,  but 
which  was  slowlv  soluble  in  hot  water  or  in  weak  acid  solution. 


CEMENT  MILL  DUST  RECOVERY. 

General.-  The  tnethods  employed  for  the  recovery  of  the  potash 
constituents  volatilized  in  the  process  of  cement  manufacture,  all  depend 
uj)on  the  fact  that  these  constituents  are  carried  into  an<l  through  the 
stack  with  the  escaping  flu(>  noises.  The  problem,  therefore,  became  one 
of-cleaniuK  these  k!'''*'^.  recoverinK  the  solid  products,  and  separatinn  the 
potash  salts  fron\  the  less  desirable  residues.  Two  general  methods  h;tve 
been  developed,  the  one  for  cleaniiiR  the  dry  pi-ses,  the  other  in  which  the 
gases  are  cleaned  by  a  system  of  water  sprays."'  During  the  course  of 
development  of  the  electrical  precipitating  process  it  was  found  that  a 
large  proportion  of  the  volatilized  potash  salts  were  in  such  a  conditioti 
thai  they  were  not  easily  removed  from  the  gases.  The  development  of 
the  water  spray  sj-.stems  on  the  one  hand,  and  of  the  electrical  water  film 
treater  on  the  other,  marks  further  steps  in  the  progress  that  has  been  made 
in  attempts  to  increase  the  efficiency  of  potash  collection  methods. 

U  is  not  cotiakiioreti  necc3^r>  to  ,iiiKUdS  the  bog-houM  iiydtfni  ol  «iust cotiecti&i{  in  cudqoiioq  with  cenit^nt  naii 
practice. 
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Dry  rieaninil  methods.  Two  lypcs  of  ((luipinttii  jirr  in  um':  om-, 
llif  I'xpiiiiNliin  fliaiiiliiT,  which  is  siippicnii'iitt'il  liv  u  ^.(•rit■s  of  mixiiiary  cliaiii- 
Ihts  ill  whirh  wiitcr  sprays  an'  locatctl,  ami  the  tithcr,  fici'trical  prcripi- 
lation  liy  the  Cottri'l!  system.  This  latter  metliod  may  l>e  furl  lier  siih- 
(liviileil  on  the  liasis  of  the  type  nf  treater  used. 

(a)  Kxi.w.siuN  CiLWiiiKit  S^.siKM.  The  eX|)aiisioii  chamlier  system 
was  first  iiitroiliieeil  liy  Mr.  T.  .1.  Kieminn  at  the  plant  of  the  California 
I'ortlanil  Cement  ('oinpany,  near  Coitoii.  The  followiiin  description 
of  the  diist-collectiiijj  >ystcm  is  l)ased  on  an  article  pnlilisliecl  hy   \V.  C. 
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•taliation  consists  of  two  very  larue  rectannul;ir  chamlurs 


larm', 
that  the  velocity  of  the  ^nses, 
»er.\'    (ireatly    ri'iluced.      Ail 


connected  witii  the  cement  kiln  stacks  liy  loin;  tlu('».  l'Ahau»1  fan-^  arc 
used  at  the  ends  of  the  tlues  close  t(»  the  expansion  chamlier.  The  draft 
for  the  kilns  und  driers  is  maintained  by  the  su'ti<iii  of  the-e  fans.  The 
fans  discharire  into  the  lar^e  dry  settlinn  chainliers  immediately  adjacent. 
The  area  of  tin  cross-sect io!i  of  tliese  chambers  is  so  larm'.  in  comparison 
with  the  area  of  the  cross-section  of  the  llue^ 
and    coiisefiuently    their   carrying    power,    is 

the  coarse  dust  ami  some  of  thi'  line  dust  settles.  Inciilentally,  this  dust 
is  collected  in  a  series  of  receptacles  which  deliver  directl>'  to  screw  con- 
veyers, th.'it  collect  the  dust  from  dilTerent  parts  of  the  chamber,  ami  deliver 
it  to  a  central  common  conveyer,  which  in  turn  carries  it  to  the  dust- 
treatinn  plant,  or  back  to  the  cement  mill.  Hi'yond  the  dry  dust  setlliiiK 
chamber  is  another  chamber  wliich  is  subdivided  by  apron  v  .dls  in  such 
a  way  that  all  the  escaping;  );ases  pass  upwards  aiul  downwards  seven 
times  before  reaching  the  outer  air.  Duriim  each  of  tliese  seven  passes  they 
are  subjecte<l  to  the  action  of  a  fine  water  spray,  which  elVectively  removes 
the  finer  material  that  did  not  settle  in  the  dry  chamber.  'I'he  li(piors 
from  these  spray  chambers  are  passed  throuuh  a  series  of  conical  settlers, 
to  remove  the  dust,  the  rupior  beiuK  returned  to  circulation,  or  filtered 
iinil  treated  for  the  recovery  of  its  potash  content  when  it  rejiches  the 
desired  strength. 

(bi  Ki.KcTKicAi.  PkK(-11'IT.\ti().\.^ — The  principles  applied  for  the 
remova  of  solid  parti<les  from  flue  jiases  in  the  ( 'ottrell  system  of  electrical 
precipitation,  have  been  very  fre(piently  discussed  since  its  first  introduc- 
tion, in  ll'lO.  The  more  unportant  references  to  the  subject  are  listed  in 
the  bibliotiraphy  at  the  end  of  this  bulletin.  Hefereiices  are  also  fi'iwu 
to  descriptions  of  a  number  <if  installations,  hence  it  is  not  ne<  .^ssary  to 
disi'uss  tlie  subji'ct  here. 

In  the  application  of  the  ( 'ottrell  system  t(t  the  precipitation  <if  cemenl 
mill  tlue  dusi.  two  principal  types  of  e  ectrical  treaters  have  been  <leveloped. 
In  the  one,  the  oi)era1  ons  are  carried  on  so  that  the  dust  is  recovered  in 
a  dry  state.  In  tlie  second  type,  the  dust  is  recovered  a-  a  sludfie.  and  the 
soluble  (lortion  h;is  for  the  most  jjart  none  into  solution  in    he  water. 

With  respect  to  those  treaters  in  which  the  dust  >  recovered  dry, 
tliere  are  two  kinds,  usually  termed  the  "  plate  "  treater  and  the  "  pipe  " 
treater.  An  electrical  treater  r)f  the  plate  type  was  the  first  developed  for 
use  in  the  cement  business,  and  the  Riverside  plant  is  the  only  one  in  wliich 
they  have  been  installed.  There  are  ei^ht  installations  in  America,  two 
in  Scandinavi-  ,  one  in  Spain,  and  one  in  Japan,  usinn  the  pipe  type  of 
treater. 

'H»nn:i,  \\  C"  ,  I'll.-  I'lciniuis  I)«-l-(V.I!,-.  tirii;  Syitciii,  Met.  MJ  Cfacra.  Kng..  Sept.  i,i.  i9I.i.  p.  605. 


Ill  till'  plalr  type  iif  trcnlfi  a  iiiiiiiImt  of  :.|iccially  (■oii^trMi'tcl  rolliTimi. 
rli'i'tri'ilfs  inc  arraliucd  parallel,  in  a  viitiral  pusilioii,  ami  -paicil  at  <M|iial 
interval*,  llie  wlicile  lieiiiu  lii.M^eil  within  a  -.iiitalily  ((Ui'tnieled  eliaiiilier. 
In  llie  trealer  at  l{iversi,le,  eaili  plate  eon«i«t«  i.f  all  aimle-iruii  frame, 
on  wliicli  a  heavy  metal  xreeniiiK  lia*  lieen  rilri'ti'hed.  Ifetueeii  eaeh 
pair  of  electrolier  i-  «ii>.pemlec|  a  >erie-.  of  parallel  vertical  wire-.  »iiital>ly 
>p;ieeil.  wllieli  a<'t  a-i  ili-eharne  electrode*.  The  frame  to  which  tlie-e 
wire*  is  attached  i>  in<iilatec|  from  the  re.-t  of  the  ireater,  ami  i-  connected 
with  the  neuali\i'  terminal  of  the  rectilier.  The  plate-  of  the  trealer 
ami  the  po-iti\e  terminal  of  the  rectilier.  are  l>oth  uroiindeil.  'i'lu'  Ireater 
hoiisini:  i-  >o  co-  Iriicted  ;hai  the  ellliaiit  na>e-  from  the  tine-  p;i—  l.etween 
tlie  plate-  of  t!      treater  in  a  horizontal  direction. 

.\  single  unit  of  the  pipe  type  of  treater  consi-t*  of  a  verlual  pipe 
made  of  sheet  -teel,  ii-nally  alioul  IJ  i.iches  diameter.  :iliil  IS  fcM-t  lout:. 
The  liinh  tension  discharne  electrode  con-ists  of  a  siiiule  wire,  suspended 
vertically  alolin  the  .ixial  line  of  the  pipe.  The  walls  of  the  pi|ie  act  a- 
the  collecting  electrode.  The  niiinlier  of  pipes  in  a  treater  unit  var\  accord- 
iiiK  to  eiriMimstances  from  SO  to  '2  it). 

Ill  operation,  the  pases  to  he  cleaned  enter  the  treater  at  the  top,  p.i-- 
dowiiward  throuj:li  the  several  I'ipe-  which  constitute  the  unit,  and  are 
dischariied  into  a  comiiion  Hue  lielow.  ( tccasioiially.  the  patii  of  the  ;;ase,- 
is  reveised,  lieiiiu  from  bottom  to  top,  instead  of  top  to  hottoiii.  .\  speii.d 
liopper  liottotii  is  provideil  lielow  the  tri'ater  Unit,  'o  receive  llii'  dil-!. 
This  hopper  usually  discharges  from  iie'ow.  either  coiitinuoiisly  to  a  con- 
veyer, or  intermittently  to  cars,  liarrows,  or  ,i  stacking  plant. 

\\  hen  in  operation,  the  ureater  portion  of  the  dust  is  depo-ileil  on  the 
surface  of  the  collecting;  electrode-.  At  stated  int-rvals  the  stream  of  -^a-e- 
is  interrupted,  the  <;a*es  lieiiiu  diverted  to  another  trealer.  .■iiid  the  .•iccumn- 
lated  dust  is  shaken  from  the  sides  of  the  collectini!:  electrode-,  \iliralion- 
lieiiiK  neiieraled  by  striking  the  pii)es  with  -iiitably  suspended  knocker-. 
The  dischary,e  electrc'  s  are  also  shaken,  to  fre<'  them  from  any  dii-t  wliiili 
may  liave  collected  upon  them. 

In  pract  ce.  a  battery  of  two  or  more  unit  t renters  is  fienerallx  employed 
in  order  that  tin  "  may  be  no  inti  rniption  in  the  current  of  ^ases  disi'liarteil 
Ihroush  the  tlues,  thouiih  it  is  diverted  from  each  Ireater  in  turn  for  the 
purpose  of  removing  the  accumiikations  of  dust. 

(c)  W.vrKK  I'li.M  'I'uKArKK.  'I"he  discovery  thai  a  con-iderable  portion 
of  tile  volatilized  potasii  salts  remained  in  tiie  fiase*  after  the  lieavier  ilu-t 
particles  li.-id  been  removed,  made  it  necessary  to  institute  experiment- 
to  develop  s;iinc  type  of  treater  wliieii  would  rei'over  as  niiicii  of  tiiis  pot.ish 
as  possible.  The  film  type  of  trealer  was  devised  for  tiiis  purpose.  'I'lii- 
treater  is  so  desifiiied  tiiat.  a  thin  film  of  water  is  niaiiilained  in  consiant 
How  down  the  faces  of  tlie  colleetintj  electrodes.  In  the  form  wiiich  was 
installed  tirsi  at  Security,  eacli  unit  consists  of  K  sections.  Kacli  section 
oiisists  of  a  vertical  cell  al)out  14  inches  wide,  18  feet  ionft,  and  alioiit  2(1 
feet  liipili.  Tlie  walls  between  sections  are  aixiut  S  inches  tiiiek,  tlie  wiiole 
unit  bein<!;  a  concn>te  inonolitii.  A  water  trouuli  is  provideil  at  tiie  top 
of  the  treater,  and  is  so  constructed  tliat  eacli  section  is  completelv 
encircled.  Tiie  circulating  ii(iuid  is  conducte  '  i  the  troiisli  tiirounh  suit- 
iil)le  pijx's,  from  wiiich  a  uverllows  down  (  ils  of  the  ceil.      1 1  i-  kept 
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ill  circiilatiiiii  l.\  ;i  (■••MllifiiR.i.  |>uiii|i.  Willi!  llii'  Inalii-  i-  m  iip.raliuii, 
water  i«  ili?*('li!irn<'il  trmn  the  iroiiuli*  over  lacli  of  tin-  lour  walU  nf  llic 
HCftiiiii.  SI)  tliat  a  tliili  (illii  riivir>  tlir  wlii.lr  Mirtarc.  '''In'  lirr.ilaliiiK 
liijiiiil  IS  ciillrrtiil  ill  a  «iiilal>li'  I'liaiiilur  In  Inw  llir  tnatir.  am'  at'lir  >iiilalilf 
trfatiiMiit  ti>  ii'iiiiivf  till'  -linluf  wliiili  may  liavr  luilictril.  il  ritiirii>  In 
till-  |Hiiii|i.  I'Ih-  will-  inr  larryiiiu:  thf  liiuii  trir-iini  lainriit  arr  -ii-|iiijilii| 
trmn  a  Iraini'  i  iiiincciiii  uilli  tlir  iii'uativf  poir  ul'  tlir  nrliliir.  In  r  m  li 
sri'lion  III'  till'  tri'atrr  tin'  liiuh  Irii-iun  win-'  arr  ■•ii>priMliil  almm  tlu'  iniiiiaii 
plillir,  i'i|lli->paii'il  Willi  n-pirt  til  rarll  iitliir,  ami  "itii  n-prrt  tn  llir 
adjaiTiit  waiU.  In  uprratinii.  tlif  ua^i-  aii'  aiiiiiillcd  at  the  liolliiin  ul 
the  trraiir.  ami  pa—  nut   llirnuuli  llir  I'  • 

'I'lii  MTDiiil  t\pi'  lit  walir  llliii  In  .Mir  ininlpuir-  tlir  tcatiin-  of  llii' 
ilry  platf  In'atrr  ami  the  -irtiniial  «atcr  lilin  Inatir.  'I'lir  innliaii  walls 
of  ti..'  scrtions  arr  rrtaimil.  ami  ^iiiialili'  i(|iiipMii'iil  i>  pnivjilrd  lu  ili-iliarjji' 
ti  uniluriii  wati-r  tiliii  over  tin'  wliolr  ol  llirir  wnrkiiii;  >urfaii'.  Nn  rml 
walls  an'  priiviilril  mi  tlu'  scrlimis,  i'Ui-  win'>  rarryiim  tin-  liiiih  ii'HsiDii 
ciirri'lit  an'  siisprmlril  aimiii  tlir  iiii'iliaii  plant'  liilwiiii  llir  -I'l'timi  walls. 
Till'  strraiii  iif  nasi'  rntiT'  at  uiir  side  nl'  tin-  trr.'itcr.  and  is  disiliarnid 
at   till'  ntliiT. 

A  dry  tnater  of  llif  plair  lypi'.  as  ain'ady  iiotrd.  was  \\r>\  inslallril 
ill  till'  iiliint  of  till'  |{ivi'r>idi'  I'ortlami  (  rimiil  (  uiiipaiiy.  at  Kivirsidc, 
California,  to  tnat  iln'  tluf  sa-i"-  fmiii  trii  kilns.  Mon'  n'n'iitly.  a  pipi' 
tn'atcr  v  >  installi'd  to  taki'  rare  of  l!.:'  rllliii'nt  ^;.  <i's  fnuii  an  installation 
of  two  additional  kilns.  I'ipi'-tyni',  dry  tnatcrs,  liavi'  also  hnii  iii>t;Llli'd 
at  all  tlic  otlii'r  I'diii'iit  mills  hn;  mii'  ii>iim  tliis  sy>t<in.  a>  -liowii  in  llir 
at'coiiipanyin^  :  clii'diili'.  .\  watrr  tiiiii  trrattr  of  tin'  opi'ii  siitioii  kind, 
in  wliirli  till'  ({a-rs  iiiiir  and  an'  di^rli;irn;i'd  laterally,  lias  Imi'ii  iii-ialird 
ill  the  plant  of  tlic  Ni'wayiio  I'or'laml  (  rimiit  ( 'oiitp,iii\ .  Niw.y;io, 
Mi('lii;>;an. 

("oiiiliiiiatioiis  of  tlir-r  two  typrs  of  I'Icclrii'al  In'atrr,  opnatini;  in 
si-rics,  !.-i'  also  hi'iiin  trii'd  out  I'xprrimi'ntally.  .\t  SiTiirily,  tlii'  hot  na.^rs 
as  tlicy  I'oiiii'  from  thi'  kilns,  ari'  tirst  rooli'd  1)>-  tlii'  admi-sioii  of  a  certain 
<liiantity  of  air,  and  arc  tlii'ii  I'ondin  tnl  tlirouuli  tlu'  pipr  tnati-r,  wIhti' 
till'  (tn'atcr  portion  of  tlic  dust  panicles  an'  removed.  IVom  this  treater 
they  are  coiidiietid  to  the  water  lilni  tn'atcr.  for  final  treatment  hefon- 
discharnc  into  the  atmosphen'.  In  the  plant  of  the  ( 'liiiilitield  Portland 
Cement  Com|)any,  at  Kiiii^-port ,  'rciiii.,  it  i-  pniposcd  to  tn'at  the  fja.scs 
in  inucli  the  same  way  as  at  Security.  The  pipe  tn'atcr  has  ain'aily  been 
installed,  iiut  the  water  liliii  tnater.  which  is  to  he  of  the  piatc-typc.  with 
side  adits  and  exits,  has  not  y;'t  liccii  en'ctcd. 

.•spiJ.W   .sv.■^Tl■;M.-'^. 

General.-  The  lollowinu  classiiieatimi  has  Imcii  evolved  for  conven- 
ience ill  deseriliinu;  the  various  spniy  syMems  for  cleaiiin<;  the  biases  to 
recover  the  potash  salts  hy  the  use  of  sprays  and  cinulatiii«  solutions. 

In  the  .simplest  type,  sprays  an-  intniduced  directly  into  llie  (lues, 
and  a  sjieeial  chainher  if*  provided  in  which  the  escaping  vajxmrs  an'  trapped 
hy   means   of   special   tile,   suitably   arraiiKed   in   towers.     A   coke   tower, 
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or  II  ((iiart/  tnwiT,  roulil  he  ummI  fiir  iln'  «iiinr  |iiirp<i-.t«.  In  ittiiittxr  I.v(m' 
we  liiiil  Hue  ^pruviti'i  fullnwiil  tiy  a  «|mii;iI  ((itidt  ii-ir,  in  whnh  a  ixirliiui 
i>f  the  wiitcr  sa|»>ur  ih  r<  rovtTt'd,  rimtainiiiK  inurr  <ir  !'■"«.■»  nf  potimli  Miltn 
ill  wihilidii,  ami,  iiiciilintally,  the  waste  liiat  availaMr  fniiii  tlic  rniMlfiiwa- 
liiiii  t(f  tlif  \a|iinir  iw  ii«t(l  inr  tlii'  tvaiM>rali<>ii  if  a  |M)rliiiii  nf  tin'  Hiilim- 
liiUKirx.  Till-  ~<tiih(l  i£r<ni|i  nf  spray  sy-tniis  niiphiy  special  fliaiiihrrs 
in  wliirli  llif  tliir  uasc-  arc  miIpJciIciI  to  tnatiiiint  uitli  -pray-.  Isiially, 
till'  rli.'iiiilurs  art'  arraiiKiil  in  -frii's.  tli.'  Ha-"-  iHiiiii  Milijitli'd  to  Irriit- 
ini'iif  ill  tiirt'r  or  four  units.  arraiiKcil  in  -rrif-.  imr  aftrr  llif  ntlirr.  Iirforc 
they  rscapr,  <  hif  type  nf  spray  rliaiiiliir  lia-  ln'i'ii  ••\iilvtil  in  wliii'li  tlir 
rsiiipiiiK  nasi's.  aftrr  saturatiiin  with  watir.  aif  tilii'-iii  tlirouiili  -|Mrialiy 
ilcsi^ni'il  (iltrr  Ix'ds  inadi'  of  ixiflsior. 

Supplementat-y  operations.  Ii  is  only  undir  i.riain  particularly 
favoiiralilc  comlitii  ,s  that  it  is  possililc  to  mark"  I  the  tluc  dust  conlaininK 
the  potasi,  -alts  in  the  form  in  which  it  is  colltctnl  ihrouth  any  one  of 
the  several  types  of  the  preliminary  operation-  descrihed  ahove.  It  in 
usually  necessary  to  suliject  the  collected  du-t  to  some  -upplemeiitary 
treatiiienl  for  the  purpose  of  concentralinu  the  pota-h  -alts.  It  is  ohvioilH 
that  these  operations  must  he  carried  on  i,i  harmony  with  the  other  oper- 
ations of  •'  !•  plant.  Moreover,  the  Hue  nase-  from  the  cement  kilns, 
escaping  where  the  dry  process  is  in  use,  are  capaliN  of  supplying  a  con- 
sideralile  MUaiitity  of  heat  which  can  he  rccoveieil  tor  utilization  if  the 
proper  eiiuipmetit  is  provided.  Ahout  4.'>  per  cent  of  the  heat  (jeiierated 
by  the  coinliustioii  of  the  fuel  is  lost  through  the  tlue  tja-e-. 

A  fiortioii  of  the  waste  heat  I'an  he  recovered  throuith  the  installation 
of  water  tulie  JMiilers  and  preheatiTs.  'I'his  is  l(ein«  done  at  the  ( 'ementoii 
(New  York)  plant  of  the  Alph.-i  Portland  Cement  ( 'oinpany  where  an 
electrical  treater  of  the  pipe  ty()e  is  in  operation.  A  similar  installation 
is  in  operation  at  Nazareth,  at  the  plant  of  the  Dexter  Portland  Ceinent 
Company.  In  hoth  cases  the  hoih  r  e(|nipiiient  is  installed  close  to  the 
kilns,  ami  a  hiKli  speed  fan  has  lieen  placed  in  the  system  hetween  tin- 
waste  heat  recovery  eiiuipment  and  the  electrical  treater. 

The  wa  li  heal  in  the  tlue  liases  can  also  lie  utilized  for  the  purpose 
of  evaporating  the  water  from  the  saline  soluti.H's  which  are  circulated 
ni  the  spray  s\.-tems,  or  which  are  specially  prepared  in  the  dry  reco-.ery 
systems.  Where  waste  heat  is  used  for  evaporatinii  purin)ses,  we  find 
that  special  pans  are  soiiie'imi's  placed  over  the  top  of  the  Hues,  or  they  may 
he  so  coiislructed  that  the  hottoiii  project-  downward  into  the  Hue. 

Saline  solutions  are  prepared  in  the  pl.ants  where  dry  dust  is  collcc  led, 
1)V  niixi  H  the  dust  with  water  at  a  suitable  temperature,  u-ually  ahout 
Kh)°  C.  The  digestion  operations  are  carried  on  in  -jiecial  tank-,  and  win  n 
coini)leteil.  the  liquors  are  drawn  over  into  .-ittlin;;  tank-,  where  the  solid- 
are  permitted  to  settle,  and  the  liiiuor  is  removed  in  a  suitable  manner. 
In  till'  water  spray  systi .  s,  occasionally  some  of  the  dry  ilust  which  collects 
in  the  Hue  between  the  kilns  and  the  Hr-t  spray  chamber  is  subjected  to 
digestion  treatment  in  hot  water.  After  settlinti,  the  litpior  is  drawn  olT. 
and  joins  the  liipior  from  the  sprav  system.  In  both  cases,  the  liipiors 
to  be  evaporated,  after  final  treatment  in  settliim  tanks,  an  .las-'d  throunh 
H  filter;  both  Oliver  and  American  filter-  beiiiK  used  for  tin.-  [Hirpose. 
It  ha.s  i)ccn  found  that  a  saturation  of  about  '.i}  l''i'  c*'nt  ?()!ul'le  pota-h 
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Mill^  !>•  iIk-  iiioM  -iiti-l  nlory  fi.r  lli«-  «priiy  «.v«t<iii-.  li  lln'  p.  i.  iiiluu.- 
of  |M»lu«li  fjiltn  pn^'iil  i-  |M  riiiittcd  to  iMioriif  iiiinli  limli't  lliim  thi^,  a 
pro|Mirtion  of  the  ".ilt  [•>  liktiv  to  mimiii  in  llif  ^|)ray  rl,,iiiiln  r.  In  p!iinl» 
wlicrc  tliiTf  i"  no  lii|Uor  rirnilaliiiu  hy-t«  in  for  ;;prayin«  pnrpuM»,  ami  whin' 
tin- only  liquors  to  Im' tr.alcd  iitv  tliosr  iiia.ii'  lliroiiuli  tin-  tniilin'iil  i.l  llif 
tiry  ilu^l,  Ihf  wilul'li'  potash  ronli'iil  of  iIm-  ii<|iior  may  l>c  -onn'wliat  luulirr. 
After  tiliratioii,  tlir  liipiorx  art'  coilntcil  in  >lor!iKi'  lank-,  from  wliiiicf 
tlicy  ari'  ronilurtiil  lo  iIm'  tvaporatir(£  pnif. 

Tlif  linal  >taitis  of  till-  fvaporalion  operation  ari'  -oniflimfs  larricti 
on  in  i-rparalf  tiniipnunt .  with  an  iinlip.iiil«nt  -onnc  of  li.at.  In  «om<' 
laws  ,|iri(t-lin<l  paiK  arr  iiM.I  for  till-  pnrpo-.'.  in  otiiir  .iim-  specially 
(•onf.trii<t.'<|  evaporator-  are  iitili/.e.l,  t.  wlmli  llie  lieat  i-  Mipplied  l.y  the 
uw  of  slealii  eoiU,  ami  a  speiial  hoiUr.  In  the  latter  ea-e,  ery«lalil/,mu 
pall"  are   also  llMeil. 

I'l  SfHIITliiSS  OK    IN>r\l,l,\ll<tNS 

The  follouiiiK  i|e-,eriplions  are  imliided  to  providi'  the  reader  with 
a  general  iimler-landint;  of  the  nature  of  typieal  .ustallation-.  Kelereiiee- 
will  he  found  ill  the  aecompanyiiiK  hihlionraphy  to  more  delaiie.l  pulili>heil 
descriptions  where  such  are  availahle. 

Riverside  Portland  Cement  Company,  Riverside,  California. 
The  treaters.  at  Hiverside,  are  carried  upon  an  elevated  platform,  alioiil 
h(l  feet  aliove  the  ground.  'I'he  original  stacks  were  each  provide.l  with 
a  short  extension,  which  reaches  ahove  the  roof  of  the  ire.ater  l.uildinu', 
I  lie  exit  heinu  controlled  liv  a  damper  of  special  desiun.  .V  complele 
eU'ctrical  treater  is  placed  on  either  side  of  each  stack  ext'  nsion.  with  which 
they  are  connected.  Si>ecial  dampers  pla.i'd  I.etweeii  the  sf.ck  and  he 
treaters  make  it  pos-ilde  to  control  the  movement  of  the  stack  nases. 
Cases  can  thus  I.e  discharned  into  the  air,  .'an  !.«•  sent  through  either  one 
of  two  treaters.  or  hotli  treaters  can  lie  used  in  parallel.  TliH  de-ii:ii  was 
developed  to  ptovide  for  temporary  shut-downs,  for  any  purpo-c.  >uch 
as  cleaning  or  repairs.  Onlinarily.  the  tra-e-  pa.-s  tl"(,ui.'h  hoth  tivater-. 
The  individii.al  treaters  have  a  cros^-section  of  12  l>y  If.  fee  .  ami  a  leiiuth 
in   the   direction    in    which    the   cases    trasel.   of   '_'<l   teet.       The   e'ectrode- 

lire  spj.ced  ti  inches  apart,  th.re  lieiun  20  rows  ot   discliarn t lodes  m 

series  'I'he  interveiiin^j  collectini?  elecl  lodes  upon  whih  1...  solids  are 
deposited  are  of  lieavv  construi'tion.  and  so  doimned  iliil.  normal  y.  no 
discliar^re  takes  place  from  thtir  surfaces.  Meyond  the  main  Heater  a 
Muallcr  auxiliary  treater  of  the  same  type  ha-  I.een  ere( 'ed.  to  provule 
for  the  :',ii!il  cle.inin};  of  the  tii>^''s. 

A  short  stack  e\tcllds  ahout  2(t  feet  I.eyoiid  the  last  treater.  to  provide 
the  necessary  draft. 

Aliout  '.».'.  per  cent  of  the  ih.sl  collected  is  preiipltate.l  in  I  he  main 
treaters.  Keneath  each  tnater  is  a  -cri.'s  of  four  lio|)pers.  i:x|)erieme 
has  shown  that  the  first  dust  collected  contains  only  a  very  small  amount 
of  potash  whereas  the  liner  dust  collected  in  the  last  treater  <-on1ams 
a  consiih'rahle  amount.  In  practi.e.  th.Tefore,  the  dust  coll.cted  in  the 
first  t«o  series  of  hop[)ers  is  usiially  returned  to  the  raw  mix.      1  he  <lust 
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I'lillcitcd  ill  tlif  hist  p;iir  of  iKippcis  iiikIit  iIic  iiimIii  li^itcrs.  ;iii(l  lli.-it 
colliM'tt  .1  i'l  llic  MiixiliMiv  lrt;itcrs.  is  >iil)ji'ct(il  to  ;i  (lij>(-iio!i  IrcMlini'iit , 
tor  the  piirpo-c  oi'  iicovcriiifj  tlit-  soliililc  potMsli.  'I'hr  icsiiliics,  .•il'lrr 
(litest idii.  ;iic  mIm)  rcliiiiicd  In  tlic  raw  mix. 

riic  pdwrr  ni|uii((l  to  opcrati'  a  siiM^lc  tnatri-  is  "••')  kilowatts,  iiiclud- 
inu  till'  piiwci-  lor  all  motors  iiccdfil.  Tiiis  would  In- ri|iiivali'nl  to  alioilt 
I")  kilowatts  for  a  I  .OtlD-Karrcl  (cmciil  mill.  It  is  to  i.i'  notid  ilml  this 
.-xslciii  (It  pnids  lor  its  opcralion  ii|)om  llic  natural  dral't,  and  that  no  fans 
arc  ciiiplovrd.' 

Alpha  Portland  Cement  (Company,  Cementon,  N.Y.  M  ilii> 
plant  an  electrical  precipitator  of  the  pipe  type  is  employed  for  cleaning,  the 
tiae  nases.  This  was  installed  primarily  for  the  purpose  of  preventiiifi 
the  escape  of  the  dust  to  the  air  liiiriii'^  llie  winter  season,  since  it  w.as 
found  tiiat  this  dust  marred  the  ice  crop  which  is  h.arvested  iicarhv,  from 
the  Hudson  river.  .\t  this  plant  a  waste  heat  ri covery  system  is  installed 
.iiid  the  dust  collect  iiif;  appar.at  us  is  only  of  secondary  importaiue.  In  this 
installation  the  hot  fjases  from  all  the  kilns  are  condiicled  to  ;i  common 
Hue.  from  wiiich  tiiey  are  led  tliroiiiih  two  water  tulie  hoiler  installations, 
thence  to  fuel  economizers,  and  them c  to  a  fan  which  deli\-ers  into  a  common 
duct.  This  duct  lends  to  .a  Hue  ;il>ove  the  electrical  jirecipitators.  of  which 
there  are  eiulit,  arranjied  in  two  liatteries,  of  four  iini'-  e.acli.  I.ater.al 
ducts  distriliute  the  ;;ases  from  the  main  flue  to  the  treaters.  The  j;ases 
pass  dowiiw.-ird  through  the  treaters,  and  thence  liori/ontall>  tliroiinh  a 
short  Hue  to  a  disch.ariic  fan.  beyond  which  extends  a  short  sl.ack.  J-iach 
tre.ater  consists  of  eiuhiy  pipes,  T.'  inches  di.ameter,  each  Hi  feet  lonj;.  The 
diisl  collected  is  sold  locally  as  a  fertilizei  iluriiifi  certain  portions  of  the 
xear.  and  is  returned  to  the  r.aw  mix  when  there  is  no  imniedi.ale  market. 
Steel  coiislniction  is  used  tliiounhoiit .  Iiotli  for  Hues  and  treaters. 

Dexter  Portland  Cement  Company,  Nazareth,  Pa.  .\t  this 
plant  the  stack  biases  from  the  six  kilns  ;ire  collected  in  a  common  steel 
Hue,  l'"roin  this  Hue  they  are  led  thromih  t  wo  water-t ilhe  hoilers,  provided 
willi  superheaters  and  economizers.  l'"rom  the  waste  heat  hoilers  the 
liases  p.ass  to  a  common  hiiih  speed  fan,  placed  immeilialely  l>e\'oiid  the 
Ixiilers,  and  cMimected  with  the  (list riliiit ion  Hue  which  supplies  the  tre.aters. 
The  electri(  il  precipit.at ion  ('(piipiiient  consists  of  ti\-e  units,  .arranued 
in  a  siiitjle  row  iL't)  pipes  to  each  unit.  Parallel  to  the  treater  liuildin-; 
is  a  concrete  distrilnitinf;-  and  collectini;  douhle  Hue,  the  two  parts  heiim- 
-epar.ated  liy  a  common  median  wall.  l''rom  the  top  of  this  Hue  separ.ite 
conduits  lead  to  each  treater.  l''rom  the  hase  of  the  treaters  other  conduits 
return  the  cleaned  ^ases  to  the  outlet  portion  of  the  Hue.  The  outlet  Hue 
leads  to  ;i  f.an  which  delivers  the  fiases  to  a  >liort  stack.  The  dust  collected 
in  the  tre.aters  falls  into  a  series  of  lioppei's,  one  lieneath  each  tre.atia-;  from 
hence  it  is  delivered  to  a  screw  ciinveyer,  which  transfers  it  to  thedust  col- 
leclinu  liiiildinn,  .Massi\(>  reiiifona'd  concrete  const  met  ion  is  used  in  the 
treaters.  The  hoppers  beneath  the  treaters  are  made  of  reinforced  con- 
crete and  the  ilistriliiition  and  outlet  Hues  arc  also  made  of  concrete. 

Security  Cement  and  Lime  (Company,  Ilagerstown,  Md.      This 
was  the  first   company  to  install  an  e(iuipinent    primarily  for  the  purpose 

'.\lntr:ii-t  frciin  "Tin' C.mln)!  ii(  Du.tl  In  rorUaniK '.■iiu-iit  .\l:iniif:iiliir.'  In  Ui.' ( 'olin-ll  I'r pii  iimn  I'ri)..-.  " 
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(if  iccovcriiii;  polMsli  frum  il>  Hue  ilii>t.  'I'wii  t.v|)i'>  of  tri':itcis  arc  in  use, 
M  i|r\'  pipr  I  if.itcr,  aixl  a  watiT  liliii  Inalti-.  Tin'  ilr\-  Inalcr  is  riiiii|)i>si'il 
of  llircc  uiiils,  cacli  unit  coiilaiiiiiiii  'J'lll  pipi-,  12  imlics  iliainctt  r,  and  2(1 
feet  loUK.  Kai'll  llllil  is  '2(1  ftc't  wide,  ancj  10  feel  l<iM(;.  Tile  Wrt  llratiT 
also  consists  of  (lircc  iiiii(s,  cacli  unit  liavint;  cip;lil  sections.  l';a<'li  ircatcr 
cell  in  a  section  is  alioiit  II  inches  wide,  IS  feet  lonii,  :inil  211  feel  liii;li. 
A  fan  is  placed  in  the  circuit  lietween  the  dry  and  water  lihn  IrealiMs,  so 
that  liotli  the  kilns  and  the  dry  unit  are  undei'  suction  \.lii!c  the  lilni  trealer 
is  operated  under  pressure.  The  tlue  ;i:ise>.  pass  tlirouuii  'lie  sKicks  to 
the  dry  treater,  theiice  throuuh  the  fan  to  the  water  lilni  Ireater.  They 
are  dejivereii  into  the  tup  of  the  dr\  treater.  ...isscd  through  the  pipes,  a(nl 
arc  thence  delivered  into  .i  coninuin  Hue.  located  lictwi'en  the  hoppers 
in  which  the  dr\-  ilust  is  collecied.  {•'r<ini  this  line  the\'  are  led  lluduiih 
ihe  fan  to  the  li.asc  of  the  water-lilni  tri'ater.  ThcN-  pa-s  upward  ihrounh 
the  cells  of  lhi~  Ireater.  and  ocape  lliroii;;h  a  short  -Lack  at  the  top  of  the 
treater  liuilditin.  If  desired,  the\-  can  he  di>ch.ar;ied  directly  into  the  air, 
witiiout    lii'st    passitifi  through   the   water-tilin   treater.' 

.\t    this   plant    the   potash   in    the  r.aw  mix   r.-in^ies  fr I  ■  l(t  pci-  cent 

ti)  l-llO  per  cent.  The  lilier.atioii  oriuiii.ally  secured  was  .alunil  lit  per 
cent,  hut  this  h.as  lieen  iina'c-i^ed  to  .an  axer.aiie  of  over  7(1  per  ceiil.  and  ;is 
hiffh  as  S."(  per  cent  has  lieeii  allained.  ( 'oininon  -alt  is  lieini;  employed 
for  liie  purpo>e  of  inciea-inu;  the  liheratioii.  the  .amount  u-ed  heint;  ahotit 
three-fourths  of  one  per  cent.  The  elliciencs'  of  collection  of  the  liheratial 
potash  varies  hetweeu  (ill  per  ci'llt  .and  7(1  per  cent.  The  a<tual  elliciency, 
therefore,  varies  fr<ini  12  per  cent  to  •')'•  per  ctait  .an  averaiic  of  ahout  ."id 
per  cent.  This  efrK'ienc\'  has  lieeii  attained  only  alter  close  and  carelul 
experiment,  and  can  lie  inainla  tied  only  liy  careful  operation. 

N'owayfto  Portland  (dement  Company,  Newayfto.  Mich.  This 
plant  is  ('([uipped  with  a  water-tilin  treater.  luiill  in  three  unii>.  I'.acli 
unit  consists  of  eifiiitcen  pair-  of  collecting:  electrodes.  The  collectinii; 
surface  of  each  electrode  is  aliout  7  feet  wide,  and  11  feel  hiiih.  The 
electrodes  an-  arranged  in  pairs  facinc;  each  other,  with  a  sp.ace  ol  alioul 
14  inches  lietwc(ii  each  pair.  Tiie  e(iui-spaced  discharge  electrodes 
are  suspended  in  the  median  plane  lietween  each  pair  of  colled  iny;  electrodes. 
Niin'  pairs  of  colleclinc,  electrodes  are  arranged  in  one  hlock.  and  nini'  more 
in  ;i  second  hlock;  the  Mock-  licili^i  set  a  short  di.-t.ance  apart,  and  so  liuill 
that  i-orrespondin^  pairs  of  collecting];  eleetrodes  are  in  line  with  e.aeh 
other.  These  colleclinu;  electrodes  are.  in  fact,  coiua'ete  p.artilioiis,  arrauficd 
par.allel  to  each  other,  at  (MpLal  intervals.  .\  spiaaal,  shallow  reservoir, 
is  provi<led  in  the  to|)  of  eacii  wall,  into  which  the  cinailalinii  li(pior  i- 
discharfied  ihroufih  a  series  of  pipes  connected  with  a  storaiic  tank  .and 
li<pior  cinailatiny;  system.  The  li(pnir  overllows  from  the  reserv<iirs  dow  ii 
each  side  of  the  w.all,  forininfi  a  tilin  of  li([uid  over  tiie  collectinf;  surface 
of  the  treater.  Spiaial  appliances  are  employed  to  staaire  an  even  How. 
The  fiases  to  he  treated  pass  lhrou<j;h  lietween  pairs  of  electrodes  hori/<in- 
t.ally.  from  one  side  to  the  other. 

Sini'c  I'uch     collector  con.asis  of    two  independent    |)arts.   it     hi'comes 
practicab'e    to    divide    the    collected    dust    int<i    two    p;nts,    if    neeess;iry. 

a  iir  :i  ,i„,i,-ci>[ni)li'l,-.l,-irripti"ni-.)n^illl      K.ccu.tx  i.I  I'm  i-li   i<  i  ll>    I'milml  in  Oh-  \1  iimnirl  iir.- ut  I'lTllaml 
C-iiii'iil.'  Jill.   J    I'ort.T.  (■.■lu.Tt  Worl.l,  Cliwiini.  S,.|>1  .  I'MT 
.VUi  ViTi.ruan  1  .ruliziT,   \u«    11.  I'Ms    |i    'v 
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th.-  ...arscst  ,lust  is.lroppcl,  ..nfcrth.  trcatcron  .mcsi,!,.,  iirul  ar<-,lis,.hirJ.i 
on     ...  opposm,.  M.le  >nto  a  n.nunon  outlK  flu.,  from  whi.'h    h  v        s' 

fin  that  .,.  turn  .iHivTrs  to  a  short  stark.  The-  sh.,|^r,.  ,vlmi.  'oil,.,  t" 
at  h,.  hottom  of  th,.  tn.at,.r  .s  transf.rn.,!  to  a  Dorr  thi.k,.n,.r.  wh,.  ,,.  t 
»  .irawn  off  from  tm.,.  to  ti,„,..  an,l  return..,!  to  tt..-  raw  mix  Th,  lio„r. 
an;  .■-r.-ulat..,!  ovr  th..  ..oll..,.tin«  surfa,...  of  th.  tr..at..r  unti  th  . v  1  ■  ^ 
<harK  .,1  xy.th  a  ....r  am  amount  ..f  soiul.l,.  potash  salts.     \Vh..„  of  th,.  nunr 

filter.      1  „.  hlt,.r  -ak,.  >s  r..turn,..l  to  th..  raw  mi-:,  an.l  th.'  filtrat..  .l,.|iv,.r,',l 

H.at  for  h..  ..[...ration  is  supi.li,.,!  I,y  ,lir,.,.t  firi.iK  l...n..ath  tl...  pans  Tl  ,'. 
potash  salts,  wh...h  ..rystalli...  out  in  th..  iow..r  pans,  ar..  r..m  v  ..  t>o„,  ti  m' 
to  tim,.  with  a  rak...  an.l  spr,.a,l  .m  a  H.,or  t..  .Irain  an.l  ,iry  ' 

I.  f  1*^°',''^?  ?*^.!*  Portland  Cement  Company,  Oro  Grande,  Cal  - 

In  tins  plant  th..  lu..  fr,.,s,.s  .-ir..  .lis,.harp.,l  .iin.ctlv  into  a  small  ,lrv  ...u.^l  ..r 
n  w  n,.,  a  ....rtam  ,,uantity  of  ,h,.  ,.oars,.s,  ,|ust  will  In-  c.oll,.,.t,.,l  F  ,  i 
this  .•l.aml...r  th..y  ,,ass  int.,  a  flu,..  .,n  th..  top  of  which  thr,.,.  larij..  ..v.,por- 
jitinK  pans  hay..  I,,;..,,  p  a.....l.  th,.,,,...  th,.y  pass  into  a  s,.ri..s  of  1^..  .h  - 
l...rs,  m  two  of  wh...h  th,.y  ,•„„„.  i„  ,ontr,c.t  with  wafr  spravs  Fro  the 
spray  ehainl...,.  th..y  pass  into  an  ,.,;,ansi„„  ehamh,.'  provi,  .  Iw  hh 
sprays.  From  th..  ,.xpa..si..„  ,.hamlKr  th.-  jtases  pass  int.  ■  h  Le 
<-l.amh..rs  sp,.,.ially  arrange,!  for  eoil..,.tinK  the  wat..  vapou  Tn'o- 
..etmK  ,.hanjbers  l„.yon,l  the  fan,  in  tl...  ..riginal  plant,  werV  provi,  wi  . 
perforat..,!.  honzont.-il  partitions,  on  whi,.h  w,.re  ass,.„,l,le,l  a  mnnl.er 
le.      Ihe  int..rior  ...m.stni.-t.on  was  ,l,.si^m,.,l  to  ..ause  tl...  Kas,.s  to  tn  v,  1 

til,,  tie  surfa....s  at  many  points,  t..  promot,"  ..o„,l,.nsation  of  th..  vapours 

n.   absorption  o    th..  po  ash  salts.     Th,.  ,.ireulati„K  li<,uors  w..re  ,■ , lie  •   'l 
ma  ....mmon  s,.ttlmg  l.asm,  an.l  sul.j,.,.t,..l  to  sueh  tr,.atm..nt  as  was    ,!,,!s' 
i ''ii,,',','".     r''  T^T  "^.'•'■•"."^■'"S  ""■  ^''"l«'"-     At  st...t..,l  int..rvals.  wh.-n 
th    h,,uor  r..a,.h..s  the  .suitable  ,.on....n1rati,.n,  it  is  run  into  tl...  evap.,r.itinL' 

pans  pa..,.,  1  ov..r  th..  flu,.  ..los,-  .„  th,.  ,lry  ehamlK-r.     Tl...  .....S    ,*1 

s..lut,on    from    th,.   ..v.-tporatin^   pans   is   further   tr..at..,i    in    s,  ...i       £ 
bottom,.,l  o,l-hr..,l  eyaporato.      an.l   finally  in  spe.'ial  .•rvstalluing  p     1 
pn'n.?'      ''"'  """"'  '"  '"'  """"«  I'"tassium  nitnit..  by  asp,.!.iat  pat.Mlte,! 

In  tlHs".!l'!,Ttr'"H  P""'-*"'!  Cement  Company,  Victorville,  Cal. 

In  this  pant  th,.  flu..  Kas,.s  pass  throuuh  a  lonfj  ,.„n,T,.t..  flu.,    in  which 

Kases  pass  tl  ro  mh  a  small  flu,,  to  th,.  spray  ..han.lK.r,  wh,.r,.  th..v  ar,.  h,..,vilv 
spray,.,l  with  th,.  .in-u-atm^r  |,.,,„,r.  This  ,.hamb,.r  is  about  !^(  f .,'  ,  n  ; 
ami  IS  ...|U,p,„.,l  w„h  .,()  I),.meral  .spray  no..l,.s  at  the  t..p  an.l  si,l,.s.  Fr,  n,' 
the  spray  ..hambers  tl...  n.oi.st  ,as,.s  p,.,ss  throuKh  a  spe,.ial  ,.vaporalor 
.■..n,l..ns..r,  wher..  tl...  latent  h..at  of  th,.  vapours  is  utili/,.'l  for  th,.  ,  ur  ,ns,. 
..f  ..vaporafnj,  th,.  wat..r  fr.,n.  the  li„uors  in  a  .spe,.ial  tvp,.  of  ,.va  ".ra;,.>- 
Hon,  th,.  e.m,l..n.s,.r  th..y  pas.s  to  tl...  out,.r  air.  A  fan  is  ,.n.pi;.ve,|  to 
re^ulat,.  th,.  ..,r,;ulat.on  thro.ijrhout  th,.  .system.  Th..  ,lrv  ,lust  .•oll,.,t,.,l 
II.  the  mam  flu.,  is  b,.uu.  .l.K...st,.,l  to  r,.eov,.r  the  s,)luble  p„iash  an,l  filter..,!. 

'Sm'  K(K-k  I'rn.|iH.!>,  Junv  7t!i,  \\t\\).  pp    '^j  ;ji 
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Till'  filtrate  is  addt'il  to  tin'  cLcuiatiiij;  liiiuors.  From  time  to  time,  a 
portion  of  till'  circulating  liciuors  arc  drawn  otV  and  delivered  to  the  evapor- 
atinfi  chamber  of  the  condenser.  When  they  reach  a  certain  point  of 
concentration  they  are  transferred  to  a  special  crystallizinji  evaporator, 
which  receives  its  heat  from  an  independent  supply." 

Portland  Cement  Company  of  Utah,  Salt  Lake  City.'  In  thi- 
plant  the  flue  gases  are  delivered  to  a  coniinon  Hue  in  which  the  coarser 
dust  is  collected.  From  thi^  Hue  they  are  led  to  two  cyclone  separators. 
Special  Hues  and  hy-passes  are  jirovided,  so  that  it  is  pr)ssil)le  to  deliver 
the  gases  from  either  of  the  cyclone  separators  to  any  one  of  the  three 
sets  of  spray  chand)ers.  Each  set  of  spray  chamliers  contains  four  section^. 
arranged  in  series,  and  is  termed  the  saturator.  From  the  saturators  the 
gases  pass  to  two  fans,  each  of  which  delivi'rs  to  a  condenser  unit.  .\ 
condenser  unit  consists  of  four  seiiarate  chamhers,  of  ahout  the  same  size 
as  the  spray  clunnbers,  the  last  of  which  opens  out  directly  into  the  atmo- 
sphere. The  path  of  the  gas,  through  the  spray  chand)ers  and  through  the 
condenser,  is  alternately  upward  and  dmvr-ward.  Beneath  each  series  of 
spray  chambers  is  a  \'-shape<l  trough  in  which  the  circulating  liquors 
<■  'lect.  An  a|)ron  below  the  walls  of  th.e  spray  chand)er  extends  into  the 
t...ik,  so  that  the  bottom  of  each  eliand)er  is  water  sealed.  The  spray 
licpiors  are  circulated  by  a  centrifugal  pump.  The  dry  dust  collected  in 
the  main  Hue  is  treated  in  a  digester  to  recover  ''••'  soluble  portion.  The 
licjuors  pass  through  settling  tanks,  and  are  then  filtered,  .\fter  filtration, 
they  are  concentrated  in  special  evaporators,  and  this  is  followed  by 
treatment  in  cry.stallizing  tanks.  At  this  plant  the  spray  chambers  are 
built  in  a  single  block  of  four  sections,  in  series,  with  common  dividing 
walls  between  adjacent  sections.  The  chandxTs  are  rectangular  in  cross- 
section,  and  the  sprays  an-  introduced  in  the  angles  near  the  top  and  in 
the  centre  of  the  chamber  at  the  top.  The  condenser  chambers  are  ol 
similar  construction,  and  are  provided  with  sprays.  'l"he  greater  portion 
of  the  potash  salts  are  recovered  in  the  saturator  utut,  and  only  a  very 
small  amount  in  the  condenser. 

Ogden  Portland  Cement  Company,  Bakers,  Utah.^  The  water 
spray  system  installed  at  this  plant  is  similar  to  that  n  'ailed  in  the  plant 
of  the  I'ortland  ("ement  Company  of  I'tiih,  at  .- •  ;  Lake  City.  The 
gases  from  the  kilns  are  conducted  through  concrete  flues  to  a  main  dis- 
tributing flue-  also  of  concrete.  From  the  distrib\iting  flue  two  conduit^ 
lead  to  two  saturators,  each  of  which  consists  of  a  series  of  four  spray 
chambers.  From  t lie  saturator  th(>  gases  pass  through  a  sirocco  fan  to 
the  condensing  chandxT,  and  thence  to  the  discharge  outlet.  I'<ach 
chamber  of  the  saturator  is  of  the  silo  type  of  construction,  being  made  of 
separate  concrete  interlocking  blocks,  circular  in  cross-section,  IX  feet 
diameter.  S|)rays  are  introduced  at  the  top  and  siiles.  The  circulating 
li(|uors  are  collected  in  troughs  beneath  the  saturators,  and  the  lower  edge 


•For  rt  full  (iv'-MTiption  nf  tins  plant,  r.-fi-r  t<t  "Th--  Wet  I'rocoss  frir  KitrartiriK  l*c)t;i,-'[i  froiii  Cfiiifnt  l)mf.'  ' 
J.  (J    Dean.  Chi'iii   und  Mel    Kna  ,  S-pt    '.'li.  I'.'l'i.  p  WH 

'I'ot:i-.*h  rrri)V(*r\  plant,  built  fn»ni  the  de-tiKn.s  of   Me.-*.sr.H   Treunor,   Huljer.  an.l  1"mIht.    Hiversiiie   I'nrtlan.l 
f'enient  Cnnipans 

^I'otar-h  reenver\'  plant  built  frimi  desinn^  nf  Messrs    Tn-anor,  UulK'r.an.l  l-istn-r.   Kiv.Tsi.l,.  l*.,rllanii  Ci'lri-'nl, 
Company . 


'^B^BP 


lm 


.1  w\  "'•"••'/!''•='>•  '•I.a.nl,..r  .s  ,.r.,v..l...l  will,  an  apron  whi.h  ,lips 

l.cl.m   the  snrfacr  of  .|„.  li(,uor  lornnnn  ii  wat.r  mhI.      W  hrn  tl...  li,,uo.s 

rra.h  tl...  proper  drKrcc  of  .•on.Tiitrati.Mi.  tl.cy  arc  fransforrc!  to  s.Vtlinu 

anks,  an.l  tli..  ovctIIow  is  passc.l  at  iiit.rvals  throuuli  Oliwr  filter-^      tC 

iltrat.'  IS  irraf.l  in  a  sporial  .vaporat-.r  in  vvliich  tlic  so.liuni  .•hl.'.ri.l..  is 

irst  r<Mnov.Ml.     Alter  tlie  (rnat.  r  p.,rtion  of  this  rhlori.l,.  lias  I ,,  .vninv..! 

til.-   hot    l..,uors   from    the   evaporator   are   run    mto   shallow   rei'tanuular 
m..erete  erystaiil/inK  tanks,  in  whirl,  th..  potash  vilts  eolleet  as  the  liquor 

tl,i    nr,?r'*,.^T  ^°"''*"''  ^«;'"f"»  Company,  Santa  Cruz,  Cal.     In 

h.s  plant  the  Hue  ^ases  from  the  kilns  are  l,..i  tliroMsh  a  senil.l.ms  tower, 

AN  here  they  are  si.i.jeete,    to  l.e-.w  water  sprays  whi.^h  nniovs  the  ^real.T 

portion   ol   the   , lust.      I-rom   the  MTuhhinj,  t.m.T  thev    pass   horizontally 

th.auKh   an  exeelsior  sereen.  wliien   is   kept    moist,   h.to  a   lariie  ehaml.er. 

I  his   ehanil-er  is   provi,ie,l   wKli   two   horizontal    Im.,1s  of  exeelsior   whieh 

exten.    over  its  whol,.  area.     The  lower  l.e.l  is  about  2  iV..t  thiek.  and  the 

pper  (.  leet       W  at.T  sprays  in  the  lop  of  the  ehamlxT  an^  i.se.l  to  moist.'n 

lis  material  at   infrva Is,  an.l  eare  is  taken  that  it  does  not   heeom,>  too 

losely  packed       .V  thinl  ..xcelsior  filt.T  is  also  pl.aeed   beneath  tli<.  outlet 

"i  tl...  top  ot  tl...  eham.H.r,  tl...  <.x....lsi.,r  l,..inK  nu.ist..n..,l  with  wat..r  sprays 

as  mpiir,.,!.     A  tan.  loeat...l  at  th.'  .lis..|iarK<.  ,.n.|.  pr.,vi.l..s  tl...  ....<•  .ssary 

su..  ion  f,,r  tl...  syst..,,..     TI...  .in.ulatinK  li<iu..rs  ar,.  ..olleet...!  in  a  sumi, 

1     NNhi,.h  the  soh.ls  a....umulate.     Tl...  mu.l  ami  li.,uor  are  transf,.rr..,l  by  i 

diaphraf-ni    pump   to   an   Ohyr   tilt<.r.     The   soli.ls   are   r..turn.>.l    to   il... 
.■.-.n..nt    mix.      I  he   li.,uor  is  ,l..liy..r..,l   to  an   ..yaporat.,r  of  sp..eial   ....„- 

stru..ti.m       I  his  ..yaporator  is  a  ..em,.„t  kiln  which  has  b....ii  pr..yi,l..d  with 

a  ribl,...l  iii.ms  of  w..o.|  thn.ujihout  th..  f:r..at..r  porti.m  of  its  |,.nKtl.  The 
hquors  ar..  ,l..l,yer..<l  at  th..  upper  ..n.l.  an.l  as  tl...  kiln  slowly  rotat.s  tl.,.y 
.  re  l.tt...  an.l  ,lr..pp...l  ...to  tl...  path  of  tl...  hot  Kas..s  whii'liar,.  si,.n..rated 
b>  tl...  blast  of  an  oil  burn..r  at  the  low.r  en.;  .f  th..  kiln.  Tl...  rat,.  .,f  f,...,i 
of  the  li.,u..r  IS  a.ljust,..!  to  the  rat.'  of  eyap..rati..n.  so  that  the  ,lry  salts 
are  <leliy..r...l  at  the  lower  ..n.l  .)f  the  kiln. 


CONDITIONS   IN   C\NAD.\. 

Th..n.  ar..  !t  .-..n.oratio.is  in  (  anada  owning  21  mills  for  f  h..  pr..,lu..tion 
of  c,.m..iit      One  of  these  firms  us,.s  blast  furiiac..  slas  as  a  raw  mat..ri.d 
ami   an..ther  is    pr.)<lu..in>i   a   natural   jx.rtlan.l   .•...lu.nt    in    v..rti..al    kiln.' 
Onnttin,^  one  iii.ll  wlm.l.  has  b......  i.H..  for  s.,m..  y..ars   ami  with  n.sp.ct    .i 

""  <1h  a   are   ayailab  e,  ,h,.re  ar..  IS  mills,  ,..,uipp,.,i  with  lOlI  ..ylin- 
du'al  kilns,  h.-.ymf.  a  rat..,l  ..apa.'iiy  of  4(1,000  barr..|s  of  ,.,,..e„t  p.-r  day 

n.noHedV'n  r'r;"""  "[-V'"  rr'^ ''""'  ^■'"■>'  «^''''<'>'-  "•"  ^'"•••^••-t  kiin 

T  I  )  '■  '         '  *"*'"*  "'•■••isun.s  IS,^  f,.et  oy..r  ;.ll       fS..e 
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received.      I''r)iir    tiniis, 
liii   not   !ickno\vle(lj;e  llie 
iijforiiKition. 


In  11M7  and  1018,  there  were  only  10  nlill^  in  operation.  The  total 
amount  of  renient  manufactured  in  1!»1~  is  placed  at  4,t».S7,2.").'>  liarrels, 
which  includes  1,();14  barrels  of  reclaimed  cement.  In  I'tlS.  the  production 
was  :j,417,(>ti(»  harrels.  In  this  connexion  it  is  well  t(t  note  that  thi'  Cana- 
dian harrel  contains  USd  pounds  of  cement;  while  the  standard  cement 
harrel  in  the  United  Slates  liolds  '.M)  pounds. 

During  the  course  of  this  investigation  inipiiries  were  sent  to  fifteen 
Canadian   firms  enj^aged  in  the  cement   business,   including  certain   tirm> 
not   now    manufacturing-     Only   six    replies    -veri' 
which  were  operating  thirin);  the  last  two  y(  ars. 
receipt  of  the  inciuiry,  hence  did  not  furnish  any 

Analyses  of  cement  mill  materials  from  a  number  of  Canadian  cement 
I)lants  have  iieen  secured  from  various  sources,  since  it  was  impossible  to 
arraiijje  for  a  complete  investination  in  the  laboratories  of  the  .Mines  Unincli. 
This  infortnation  has  been  utilized  in  the  c()mi)ilation  of  Table  I\'. 

It  will  be  noted  that  a  number  of  the  analyses  an-  derived  from  Inited 
States  .sources,  because  no  Canadian  returns  were  available.  Thi'  form 
employed  for  this  table  has  been  adopted  fr(;m  Table  I,  in  Bulletin  .■)T2, 
issued  by  the  United  Stales  Department  of  A(iriculture.  Owinn  t"  'In 
difference  between  the  Canadian  and  United  States  barrel  of  cement,  it 
has  been  necessary  to  re-i'alcidate  ;i  number  of  the  items.  The  method 
of  calculation  is  thus  set  forth  in  this  b\illelin.' 

"  Tho  viiluos  Riven  in  'r!il)lc  I  for  the  imtiisli  cdntaincd  in  the  d.iilv  priKlnctidn  (if 
(irncnt  were  obtnuicd  liy  niuiliplvin)!  llie  (nitpiit  in  liarrels  liv  tlic  wi'inlit  ni  iini'  liiirril 
!M)  pounds')  and  fiy  Ihc  pcrccntadc  nf  p'Hasli  in  llic  ccini'nt  as  fmind  l)v  aiialv.-is.  'I'd 
iihtain  tlir  correspondints  values  for  the  potash  in  the  daily  run  of  raw  I'liix,  the  output 
of  cemont  cxpri'SscKl  in  barrels  was  iiniltiplird  by  thi'  wii^ht  of  raw  ijiix  rciiuind  piT  harrel 
of  ccnicnl,  and  then  by  the  pcrcentane  of  potash  in  the  raw  mix.  'i'he  dilTirence  bctwi-en 
the  two  values,  as  thus  deternune<l,  represents  the  potash  that  escape.'-  (hiilv  from  the 
kilns.'' 

In  the  United  States  investigation  it  was  found  thiit  the  iimount  of 
potash  lost  per  barrel  of  cement  produced,  varies  from  (i:{.'i  to  ."i  ■  14  pounds 
of  KjO.  The  averafie  for  0!»  plants  was  2(l!t  pounds  per  b.irrel.  ar.d  the 
average  for  !)  Canadian  platits  was  10."}  pounds. 

It  is  to  be  noted  further  that  the  informaticm  given  in  this  table  is 
based  on  rated  capacities  of  the  individual  plants,  not  on  t!ie  actual  ovitput. 
Information  with  respect  to  the  output  of  individual  plants  is  considered 
confidential.  On  the  basis  of  the  data  given  in  this  table,  an<l  on  the 
basics  of  the  actual  output  of  individual  plants,  it  may  be  stated  that,  in 
1017  there  were  lost  from  our  cement  mills  about  4,2S()  tons  of  jiotash. 
and  in  1018,  2,7(1(1  tons:  at  least  ti(»  per  cent  of  which  could  have  been 
recovered  by  know.i  proces.s<'s.  The  average  nuirket  price  for  potash  in 
the  United  States  in  1017  was  .?4.2()  per  unit  of  20  pounds,  and  in  lOlM 
it  was  about  $2. ,50  per  unit.''  The  monetarv  value  of  the  recoverable 
potash  lost  was  therefore  about  $1,008,000  in  1017,  and  .SlO.j.OOO  in  lOlS. 
It  should  be  noted  further,  that  the  output  of  potash  from  the  kilns  eoiilil 
have  been  very  much  increased  without  injury  to  the  cement  by  the  use 


H'.S.  Drpartmi'iit  of  .Xgrirullurc,  Bulletin  ."i"'-'.  bv   l{c)s.>-.  Mi*rz,  ami  W'lmn'T       flip  HtH-oi 
H.\-Pr(Kiurt  in  tbp  Cement  In(iu.4trv.  p  ^ 


..f  l'.)tii-h  i 


^rhe  Cfinadian  biirn-l  (tf  cement  eontrtin;*  3.50  poundti 
'Prieiw  in  19IS  fluctuated  U'tween  $:(  p.T  unit  in  Jiuiuar.v  to  ulxiut  tt  .W  per  unit,  uill.  no  ilemun.i  in  IVivmber 
*  (ifnciul  (iatii  giving  averaKe  market  i|u»>tatum  f<ir  ttie  year  .are  avaitalile. 
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(if  properly  M'lccfcil  iiiatcritils,  and  liy  llii'  appl  cation  of  i'cr',.ii,  iniprovcil 

processes;  so  that  the  market  .\  a  tie  of  the  recoveralile  i:ot!«-l iild  have 

lieeii  raiscil  nearly  .')()  per  cent.      These  atnoiiiits  i|o  n.il       iv.sent   profits 

which   niicht   ha\c  I n  recovered,  hecause  ailowani'e  nnist    lie  made  for 

the  cost  of  recovery  includiiiK  cost  of  experimental  work,  and  cost  of 
markelin};.  It  is  ([iiiti'  e.asy  to  lie  wise  after  the  event,  and  to  perceive 
an  opportunity  lo-t.  Therefore  the  failure  to  recojjni/.e  and  to  take 
adv!int;ine(if  tins  opii<irtunity,  now  jiast,  is  not  a  proper  suliject  for  criti- 
cism. Mefori'  1!'17,  little  was  known  alii.'Ut  the  processes  for  recovcrina 
polasii  from  cement  mill  Hue  dust,  anil  the  future  <if  the  market,  oarticul.arly 
the  conlimiation  of  hij;h  prices,  was  v<'ry  uiii'ertain.  Those  firms  in  the 
I  iiited  ,'slates  who  were  willin(j  to  assume  the  nci'cs^ary  risks  found  their 
venture  very  |  rolitahle.  A  mimtier  of  them  have  now  in  stock  a  l.iriic 
supply  of  clinker  ready  for  (irindinn  which  has  been  paid  for  hy  pot.ash 
s.iles,  ;ind  th<'y  therefore  find  themselves  in  a  very  fa\iinral)le  position  to 
hanille  new  cement  hiisiness,  particularly  export  trade.  ( »n  the  other 
hand  the  liruis  who  delayed  investinalinn  these  processes  and  delayed 
installiitions  leive  lost  the  hiuh  markets.  In  several  instances,  however, 
the  potash  recovery  ('(piipment  was  needed  for  dust  recover.v  in  .any  event. 
In  most  cases  there  is  a  strong  prolialiility  that  the  potash  can  lie  recovered 
!it  a  cost  which  will  maki  it  protitalile  to  market  it  at  uorm.il  prices  without 
loss,  or  even  .it  a  small  profit. 

It  is  to  lie  noted  that  any  profit  that  accriu's  from  the  recovery  of 
l)\-products  over  and  aliove  the  cost  of  recovery  can  lie  applied  to  the 
reducti<in  of  the  cost  of  prodncinn  cement,  thus  al'fectinM:  the  price  of 
cement  in  conii)etitive  markets.  This  is  a  feature  of  the  cement  Imsiness 
that  is  well  worth  the  .attention  of  those  Canadian  cement  manufacturers 
who  hope  to  compete  for  foreign  orders.  'I'lie  utilization  of  waste  heat  to 
reduce  power  costs,  an<l  even  the  utilization  of  waste  carlion  dioxide,  an- 
also  worthy  of  more  attention  than  has  lieen  jjiven  to  them  in  the  past. 

Fl'Tl'RE    M.\RKKT    PRICK.S. 


The  rnited  .States  War  Trade  Hoard  announc 


eil  on  ,l.inuarv  '24th  last. 


that  it  had  received  authentic  and  official  information  from  the  French 
Hitth  Commission  in  the  I'liited  States  that  France  would  lie  unalde  to 
ship  {xitash  from  the  mines  of  Alsace  until  April.  The  entire  output  of 
these  mines  for  the  first  few  months  of  the  year  was  urgently  needed  in 
France  for  agricultural  purposes.  It  was  therefore  inferred  that  iio  Alsatian 
potash  would  lie  available  in  .Vinerica  before  ,luiu'. 

According  to  "  Hock   Products,"'    Alsatian   potash   prices   are    to   be 
below  pre-war  Cerman  prices.     These  prices  are  listed  as  follows: — 


Ui.K-k  rriKlucI",  April  1.',  lOl'.l.  p    15 
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K.-ii'iii.. 
Miirmt.- 
M:iTnirr  n;ilH 


Alsatian  Potash  I'ricos. 
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Sin.hi'al.- ,              I  r.nc  li  l'r,ir<  ,   ( Icnium  I'l.    »  ir       I  r.ti.l,  I'r.-i'iil 

li''  P'l'"*  I         (Iff  n.-MMn  '            JUKI-, pit  pi  K  .  •  [«  r 

I    I'M    Mill,.,              J  ,„    -,,  lijlll  i  Inn  in  <  ■.111.  I   nn   m  (  .  ni. 
I'.rN.tl.iri 

I 

:iJ  I"  !            :i.'  1.1  I              1,1  J  .i.-,  ,1 

lu  M  '                U  Ml                             Ji.l  H            I  ict 


Onlti'-^  I'm-  .\l>atiaii  |)nta>li.  in  car  Icail  lots  i.nl\-.  an-  to  lu-  lllrd  u  itii  tli.> 
Cciilral  (Hiicc  lit'  Aiiiiciiltmal  <  licnucal  I'mdiici-,  IJ  line  i|i>  Mnurui.unr. 
Paris,  Inmi  wliicli  liny  will  he  IraiiMnilt*  d  to  Ilir  ncviilly  (uyaniziMl 
Hiiri'Mil  (if  Sales  al  .MiiiliaiiM'ii. 


PROTKCTrON    FOR    J'OT  ASM    PUODl  CI  IIS    IN    Till      IM  1 1  I)   SI  A  I  IS. 

Ill  till-  riiitcil  Slates  it  i>  |irii|)ii-ii|  i,.  (•(.ntri.l  iiii|)iirt-  of  |i(iia-li  liy  ;i 
liivciisiiiti  system.  A  liill  lias  iicfii  drawn  up  with  this  in  view  for  the  |)ur|i(isc 
111'  sat'efiuardiiiK  the  interests  of  tin-  diilnestie  |iriiducer-  un'il  siieh  time  as 
trade  condit inns  are  re-;nljii-lcd.  Tlie  fullnwiny;  t  wu  M'ctinns  nf  this  jiilj 
are  of  iiitere>t : 

SiTliiin  I  ■lie  ii  ciiacteil  liy  llic  SiMi.iie  .uiil  Moiim'  i.f  Kcjirrscnliii  ivi".  nf  ilu- 
t'liiti'd  Slates  (if  AiTicrici  ill  ( ■eiiKrcv>  ass|.„ilili  il.  llial,  iiiastim.li  :i-  il  I-  iiiipmlaMI  I'nr  Ilic 
iiMliiiiial  wclf.irc  and  srciiriiy  to  pnn-iilr  fur  an  ai|e((ualc  :iiiil  iicrinainnt  .-.iiiiiilv  ni  |n.la>li, 
anil  for  lliis  imrpesc  In  riinmrauc  ide  (luiiii-sni'  priidiirlidii .  niMiiiifacluri'.  aiid  nrnviiv 
el  piitash,  the  Secreliiry  (if  tlic  Iiilcrinr  is  licnliy  aullidrizcd  and  cinpiiwiidl  Id  issiTe 
iiic'iiscs  fi'diii  liiiie  to  time,  1(1  pcrsdiis,  firms,  iir  cdiiidralidiis,  fdr  tlie  iinpdilalidii  if  pdlasli, 
and  fi-diM  and  aflcr  :iO  days  aflcr  llic  appmv.al  df  tliis  act  lid  pdlasli  sliall  lie  iiiiiMirtcd 
iiitd  the  tinted  .sllatcs  wllli.iiil  sudi  license  Kacli  lic'iise  s|i„|l  state  tlic  aniiiiint  (if  pdtash 
wiiicli  llic  licensee  sliall  lie  pcnnittcd  to  Inipdrt  and  shall  lie  issued  diilv  im  cciiidilKin  that 
tlie  applicant  lias  purcliased  (ir  cdnlracled,  under  nuar.inlic  satislactury  In  tlic  .Secretary 
III  the  Interier,  Ki  pureliase  an  aniduiit  nf  p.ilash  pnidiiccd  in  tlic  liiiled  States  lieariiitf 
tile  saiiic  nitiii  to  the  amdiiiit  wliicli  he  is  permitliMl  tii  iinpdrt  as  tlic  csllniatcd  total  pni- 
ilili'tion  df  )iotasli  in  tlic  Initcd  .Slates  hears  In  llic  dilTcrcnce  licUvccn  this  cstiiiiateil 
tdtal  prdduclidii  .■ind  the  esliiiialed  totil  re(iiiirciiii  nis  of  the  liiited  States,  llstinialcM 
(if  llic  tdtal  rciniireiiients  and  of  the  total  production  in  the  riiitcd  .Si.ates  shall  lie  made 
under  the  direct  ion  (if  the  Sccretarv  (if  the  Inleridr  at  inlervals  of  iidt  less  than  six  niiinths, 
and  as  so  made  shall  lie  I  ikeii  as  conclusive;  Provided,  That  pol.ash  once  rcekdiicd  in 
any  transact  inn  shall  nut  lie  reckoned  a«ain  :  Trovided  furl  her,  Thai  whenever  the  Secretary 
of  ihe  Iiitcriiir  shall  find  that  piitasli  is  imt  IxiiiK  iiroduced.  or  is  not  likely  to  lie  produced, 
111  tiiiio  (ir  at  a  cost  to  ni.ake  it  ccdnoniically  availalilc  in  the  rnited  Sl.ilcs  in  sulhcicnl 
quantities  Id  meet  the  reiiuircnicni:  as  estimated  liy  him,  or  wlicncver  he  shall  find  that 
the  prii;c  thereof  is  not  fair  and  reasonalile.  he  may  issue  licnises  tor  the  iniportation  of 
pdt.ish  in  c\cess  df  Ihe  propiirtidn  fixed  under  this  section." 


Iiill 


Section   •_',      I'rovides  an   appro)iri,atio!i   of  Sl.'iO.OOO  tii 


It    the   lei 


•f   till 


.Section  :{.  •■  That  five  years  .after  the  procLimation  of  peace  this  act  shall  cea.sc  to 
lie  effectiye,  all  jiowers  conferred  thercliy  shall  end,  and  the  Secretary  of  the  Interior 
shall  terminate  all  transact  inns  under  this  ,iei  " 
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COSTS  OF  POTASH  RKCOVHRY. 

It  is  not  iHissililc  t(i  furnish  iuiy  vrry  cldsi-  ki'iiituI  csliiniitc  of  the  ('out 
(if  iiistiillinn  (ir  (((xTiitiiin  p<(ttisli  ncovcry  ((luipincnt  lit  it  <i'mciit  mill.  It 
i>  (ihvioiis  that  the  cnsl  of  iiistiilliitioii  will  vary  iK'i'ortliiitJ  to  local  coiiilitioris; 
tlic  typt'  of  constniftioii  rmployrd;  ami  tin-  particular  pmcos  selected. 
\\  itli  the  exception  of  the  installations  at  Hiverside  ami  ( 'oltoii,  (  alifornia, 
the  several  plants  mentioned  in  previous  paragraphs  witc  liuilt  under  war 
time  con<litions  and  wen-  to  a  consi(hTal)le  extent,  experimental.  'l"he 
costs  of  construction  and  development  in  pioneer  work  naturally  were 
liiKher  than  they  would  he  under  normal  conditions. 

Equipment  costs.  A  complete  potash  recovery  plant,  usiiiK  the  dry 
electrical  prccipit.'ition  imthod,  would  prol)al>ly  ciist  ahout  $'M)  [ler  harrel 
of  daily  cement  capacity,  if  constructed  largely  of  reinforced  concrete,  or 
concrete  and  tile  hrick.  If  all  ^;teel  construction,  the  cost  would  l>e  ahout 
doulile.  .V  water  lilin  treater  woidd  cost  in  the  neichliou' hood  of  .'i'i.')  per 
liarrel  of  daily  cement  cap.acity. 

.\  complete  potash  recovery  plant  Msin»r  oi  <■  of  tlie  water  spray  systems 
wotild  cost  from  $'M\  to  ahout  ?.')!!  per  liarrel  of  dai'y  cement  capai'ity.  'l"he 
etiicieiicy  of  this  type  of  apparatus  is  liiKher,  hence,  the  cost  of  the  plant,  on 
the  liasis  of  the  potash  recovereil,  would  he  lower. 

.\  le.achinu  and  evaporating  plant  to  proiUice  concentrated  salts  for 
shipping,  would  cost  in  the  neinhliourtiood  of  iJ2'),(l(t(t,  if  desinncd  to  tn-at 
the  dry  dust  from  a  H,()(l()  h.irrel  mill.  If  this  plant  were  designed  and 
construcled  in  connexion  with  a  treater  where  saline  sohitions  tire  circu- 
lated as  part  of  the  systi'm  for  recoverintJ  the  potash,  th<'  cost  of  such 
additional  eciuipinent  as  would  then  he  re<|uired  would  he  less. 

In  desitininn  a  potash  recovery  ()lant,  it  is  to  lie  noted  further,  that 
iioriTially  ahout  4.")  per  ci'nt  of  the  heat  nenerated  hy  the  conihustion  of  the 
fuel  used  is  lost  with  the  tlue  (lases  and  dust.  Under  favoiirahle  circumstan- 
ces, a  pu,,i(:n  of  this  heat  ciin  he  converted  into  power  hy  th"  use  of  water 
tiihe  hollers,  su|)er-heaters,  and  pre-heaters.  The  heat  can  also  he  utilized  to 
evaporate  the  excess  li((uor  from  saline  .solutioiis.  It  would,  therefore,  seem 
to  he  expedient  to  desijjji  liy-|)roduct  recovery  e<iuipn)ent  in  such  a  way  as 
to  utilize  the  waste  heat  as  well  as  to  recover  the  jjotash  in  a  form  most 
suitahle  for  inerchandi.sinn. 

Operatinft  costs. --Th(>  openitinj;  cost  at  tlie  plant  of  the  Sectirity 
( 'enient  anil  I.ime  ( "ompany  in  1917  is  tiiven  hy  .John  ,1.  Porter,  the  nuinaj?er, 
•MS  follows' : — 

l,:ili(iiir »27  per  (lay    =»t(K)<M)  per  lilil.  cliiilMT. 

I'liwcr         -m    "         "     =   0  (KKi      " 

Ucpair>     H    ••         "     =   0(H)J7      " 

l,al«iriit.iry 12()  "  iiionlh  =   0()()14      " 

Total (I  (M:M 


The  cost   of  the  salt   achlition   was  $()()22()   per  harrel   of  dinkei 
cap.icity  of  this  plant  is  3,(K)()  harrels  per  day. 

TorUT.  John  J  .  "The  Rfcovprv  of  Hotaiih  :ua  Hy-froilucl  id  the  Mj*nuf;u-tur(>of  INirthiml  Ci-iiirnt, 
Ki-rtiUiiT.  Auir.  3lBt.  19IK.  po  S»-7i. 
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ir  K.  Mc'idf  liiiH  puldiHlii'il  the  folldwiiiK  •■Htimiiti'^  for  ,i  ;{,()(M»-I.iirr.' 
pliint  ll^<in^t  11  dry  elect ririil  tn-iiter': 


l.iilxMir  ariil  kiiihtiii'i  Jiili'iirc 
I'liwcr  111  \v   (XT  k  *•  h 
lti'|iair»     


♦  .'.■>  |ii-ril:iv 
10 

Its 


'I'lif  it<l<litii)ii  of  suit  to  the  mix  i«  stiilcil  to  represent  itn  aiidilion.i! 
cost  of  .ifTO  or  $<t  (»'2.'>  per  i)til.  of  c!i|)iiiii.v.  'I'lie  !,>•••  iictioii  of  concent  r.'itcd 
Halts  would  eiiij'il  iiii  iidditioniil  expenditure  of  $H  to  $\{)  per  day  for  iuKour. 
and  $l.">  to  *2.')  lor  power,  iind  evaponitini;  excess  water.  The  latter  expense 
can  lie  reduced  or  eliminated  liy  utilization  of  waste  heat  from  the  kilns. 

Meade  thus  estimates  the  cost  of  operating  a  wet  trcaler,  applicahli' 
either  to  the  water  film  electrical  |)recipitator  or  to  a  spray  Hvstem: 


{.ahoiir 

I'ipwcr  lit  Ic    pir  k  »  ti 

|{i'|i:ilrs 

liii'l  mill  (  vii|M>r;itiiin 


$;i'i  per  (lav 

isii      •• 


If  salt  IS  ndiled  the  a<lditii)nal  expense  would  lie  $H)  per  dity.  or  0  1)2-') 
cents  per  liarrel  of  (rajJHcity. 

In  estinuitinn  the  costs  of  production  for  any  ijiven  cement  plant  the 
potash  recovery  plant  Mhould  l)e  creilited  with  the  vaiui'  of  the  leached 
dust  returii'MJ  to  the  raw  mix  as  slurry;  and  with  the  saving  of  co;il  th.it  is 
almost  sure  to  result  with  the  installation  of  fans,  wherehy  the  dr.att  on 
tlie  kilns  and  the  cement  hurniiiK  can  he  more  closely  regulated.  I'ortcr- 
states  that  at  Security  the  fu<-l  consumption  for  .")  months  in  liUti.  Iitfore 
the  installation  of  the  pota.sh  plant,  averaged  <)»i-4  pounds  of  coal  per  harrd; 
while  for  five  months  in  1!H7,  with  the  potash  plant,  it  averaged  HVO 
pounds  per  harrel. 

It  mi^ht  also  Ik  well  ti>  draw  attention  to  the  fact  that  the  installation 
of  potash  recovery  equipment  does  not  involve  any  changes  in  the  process 
of  cement  manufacture,  and  does  not  injure  the  product  On  the  contrary, 
the  maintenance  of  more  uniform  hurninn  conditions  in  the  kilns  under 
forced  draft,  is  likely  to  result  in  ;i  more  uniform  product. 

CONCLUSIONS. 

The  prolileiu  of  liy-protluct  recovery  is  one  which  should  receive 
the  serious  attention  of  all  Canadian  cement  matuifacturers.  it  is  obvious 
that  the  mill  which  can  produce  cement  at  the  lowest  cost  will  he  in  the 
most  favourable  position  with  respect  to  competitive  business.  .M! 
credits  obtained  from  by-products,  aft  t  allowing  for  amortization  and  cost 
of  operatinn  recovery  eciuipment,  can  be  applied  to  the  rechiction  of  the 
cost  of  ceiMent  manufacture.  The  ability  to  produce  cement  at  a  pri<e 
per  harrel  only  a  few  centH  lower  than  a  competitor  minht  often  be  the 


'MfHiic.  K,  K  .  "Cittjwh  HA  a  Hy  !*riMiuct  of  ("Htiu-nt  ImiuHlrj  . 
'Ciirl.T.  John  J  .  (Viinml  World.  Chicago.  Sept  .  1917 
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UWAW"  of  M'liiriiiK  valiialil.'  .  uhtra.l-..  Wlirrc  ^l:lll<l!lr.|  |iri<<-  pr.vail 
j<littlit  (iilTiri'iifCf'  III  fi>-\  prr  liainl  may  add  vrry  iidisidcraMi  -uiii-  In  tin' 
Iciiitiiiiaii'  iirotits  III  till'  Im^iinHN  duriiiR  u  yi'iir't*  «>|)»'raiiim-<. 

Wliilf  tlii-  rtporl  iUaU  priiniirily  witli  the  Miil.jiTt  of  |)oia-li  iviuviry. 
alt.iitioii  may  aUo  It.'  tiiriird  in  rcrlain  oili.r  dirr.tiotis  in  wliirli  (•coiiriiiiirH 
ran  111'  cffrclid. 

(cMniiI  mill  dust  i>  viTv  frr<nifiitly  a  raiiM'  of  trmildr  willi  llif  owmrs 
of  adjacinl  propcrtir-,  partiriilarly  in  auriciil'iiral  di^triils.  It  is  also 
injurious  to  the  workers  in  the  mills.  Anyllimu  tliat  ran  !»■  doiii'  to  nduci- 
tlic  ilusi  nuisance  is  llnrcforr  advaiilaueous  to  liotli  the  mill  owinr, 
to  liis  nnplovi'.'s,  and  to  hi-  minlil.ours.  All  rci-ovrnd  dust  can  lie  n  luriic.i 
lo  the  ccmciit  mix.  Its  vaiui'  nprevnits  a  credit  for  the  recos cry  plant, 
while  the  co^t  of  recovery  is  a  lenitimale  charte  atj.iiiist  cement  manufacture 
in  tho      mills  where  it  is  coiniml-ory  to  pri'vetit  ll -cape  of  dust. 

Kuel  is  one  of  thi'  principal  item-  of  cost  m  operatinu  a  ciiiient  plant, 
and  power  costs  are  of  ecpiiil  importance.  Many  Canadian  cement  nulls 
iitili/i'  imported  fuels.  It  tlienfiui'  appears  dc-ir.ahle  to  reduce  fuel  co>ts 
to  .1  minimum  hv  utilizinn  the  heat  |>roduced  hy  fuel  eomliustiuu  as  coni- 
l>letely  as  possiliie.  Those  cement  mills  which  are  operutini;  on  the  dry 
liurniii'^  process  may  tind  it  materially  to  their  advantaue  to  install  waste 
he.it  recovery  ecplipiiient  for  the  purpose  of  reducinn  their  power  co-Is. 

I'otasii  recovery,  fuel  economy,  elimination  of  the  du-t  nuisance, 
reduction  of  power  costs,  and  more  complete  utilization  of  wa-te  heat, 
with  the  couse(|ueiit  reduction  of  loal  consumption  and  coal  imports,  an; 
all  closelv  related  MKihlems  that  merit  careful  study. 


HIHI.KXiKAi'HY. 
Electrostatic  Precipitation. 


Hr-nllcv    I,  ,  i;ic(tiii':il  |ircciiiit:itiMii  i,\  Mi-pitiilcd  |i!irtiilc-  liy  tin-  Cnttrcll  prnc.>>: 

.l.mr.  Iml    A-  liiu   (liiMi  ,  V.il.  4.  N(..  1.',  Dec,  I'M-.'. 
Hush     II    .1  ,  Ciiltnll  rlcc1rii-1:itii-  niuviis    iinxcss  ol   tliic  ilii-t   and  liiiin  ■  :  .hiur. 

,s,„-.  cIhim.  111.!.,  v.,1,  :f7,  .\(i.  Jit,  O'l  :'il,  i>.»is,  pp.  lis'.tii ',11  ,.  ,     - 

Hu-li,  II.  .1  .  ("oltrcll  pr>"(-s  iif  Hue  dusl  r(M(ivcr\  :  licii  A  ('"-A   Ir    Vov..  \,.l    '.\,. 

liic.  JT,  I'.lls.  p.  7JS. 
Ciitlicl!     1'     «i  ,   IsliTtrical  pricipilalloii  of  -uspciiilcil  parlicli>;  ,l(Uir     liid    iV    iMitf. 

Cliiiii  ,  \..l.  :i.  Nil.  s,  .Xim,  I'.Hl.pp   .VIJ  lill.  ,,. 

(•..ilivll,  y.  <■..,  Klc<-tn<:il  fiiii)c-|iriiipiiMUiiir.  Traii-.  .\.I..\I  1.,  I'.il-',  I'P    •'•"   '<>■''■ 
r.)tticll,    1'.    (1.,    Uic.'iit    pruijic.--    in   clcciriral    Mimkc    prccipitalidii:   .'^(■"■(inil    1  aii- 

.\iiMTi<'aii  .sicicMlitii- Ciiiiiiro-,  \Va.-liint£t..ii,  I'.HT.     ( 'ur.tMiii- Ipihlidtirapliy. 
('..tlnll,  plan!.  Wc-tiiiKliou-c  ilcclriial  .•i|iiipiMciiI  for:  iMli.  \  .Mill    •I'Hir  .  \"1.   HH', 

Dec.  11,  mis,  p    IIIHII 
K-<-lil,(il^,    O.    II..    Klcctpp-lalic-    pnci|,italioii;    Trans.    .\.I.M.l-..,    S.-pl.,    I'.Us.    pp. 

12fi:{-i;«M'i,  ,111(1  Disciis-ion  p|i    I'm-!   '>'■     ( live- -clcctcil  hililiotJiapli.v.      >ci-  al-n 

disius'^ion  liy  IV   I..  Saikilt,  Iron  A  Ciial    Tnulc  Ucviiw,  Vul    "IN.  .Ian    10,   I'.U'.i, 

Uitlilmii,   li.   IV,   Klcctn):,t:itii-  pn''-ipi':iti.iii;   Mm.  A   S<'i.   I'rc-^.   \"1.    lis,  .l.ni.    I, 
llll'.i,  1).  -'■-'. 
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Potuah  Recovery  at  Cement  I'luntH. 

\KrMiilhiri'.  I)«|.iirliiiiiir  i(.  Wiwdiimion,  lt...(.v,Tv  ..|  \H,UiAt  ,i»  n  l.>-|inMliii  i  m 
I  111' n  until  Irulii-irv.  Iiy  Uiw-,  Mm,  ami  W  !im»i    Kullriin  Nm   .".T.',  <  >.  t  ."i   |'i|7 

lti;i.|iiv.  I  ,  C'ltlntljiriHis..  f,,r  |»i(:i«ti  ii.iiv.rv:  Cliiiji  ,V  Mil  Inn  \,,l  pt  s,  i.i 
Jti,    l"tV  |>|i     »:.,   m      Sii'  ii|«,l'.!  M    Kiir    A   Sl.-.l   I'laiii.   \,,|    I,     N,,,    ■  1M|> 

i.p  i.r  (I 

llrurlli  %,  I,  ,  ItiT.ivirv  of  |m,Iii.hIi  rnuii  in  .il.i.i  fiiriiu.rs  mnl  ,,.|ih  nt  kiln-  liv  ■  li .  - 
iriiiil  j.riri|,iliilioii:  .I.Mir  Iml  A  In^  «|„ii,  ,\,,|  id,  S,,  |o  ( i,  i  |i||s  .,., 
s;U  :t,       S.,:iUo  Ikiii  Aiir,  \,.l    ill'.',  Nov    7,  Iflls,  |>p    ICil    it. 

('Iiiirliliil.l  pl.iMt.  l.:\riii-  |Mit!i..|i  ir.nvtry  :il     Miiiiiil,ic  I  lurr^  Hr.ui.l.  M.,v  .',   I'Us 

l)r;ili.  J  <i.  Wit  iiriHi-s  f,,r  1  \lr;irlitii£  |i.il.iw|i  friiiii  iciiiiiil  ijii-l  I  li.ii,  A  .\I.  t 
l.iiK  .  \iil    l!l,  S.  |,i    Jii,  PUS,  |i|i    t;i!t    17 

l'.r.l:ilil.  U    y  .  rmic.iiliali.iii  of  [Mit.i^li  frmii  mw  iiialiriiili  ruril.iiiHUn  ..iiK   ,i  irir.' 

•  if  llii-i  l<  iiMiil  li>  iiii,iii«.if  ihi'i  111  trir  iiriripit.ili if  lli|i-ilu-i  ;,|m|  f,,iiii' ..  mi  m 

kiltn;  .liiiir.  Iml    A   Imik    ('linn  ,  \ol.  Id,  M;iy,  PMs,  pp    :t.Vl  'i 

1  li  iiiiliif,  T  .)  ,  Ciitiiiit  iiiiiip.'iiiy  ririivir^  Kllti  ilii-l  In  privi  iil  ilain  i«.-  :,i  ,ir,,in!i 
rriips:  lri|£iiiiiriiiK  Kiiuril,  Vi.l   lii.i,  .Ian   li,  piu,  pp  r,|d   | 

•  ira.sly,.!    S  .  I'nla^li  u»    i  ti\ -pri.ilinl  :  (In  m    A   Mil     Ijiii.Vnl     P.I.  >i  pi     Jip    Pl|s 
PP    tills      Sir   il-u  Mfr«    liiiiiril,  Sipi    pi,  pi|s      I  h-iu-mum,  I  Jill.ii    \    II 
CImim    a    .Mil     l.uii.   \iil    Jd.  .\pr     1,    pip».   |,,,    iios  i|;  (Jia.tv,  ,|    S      \  n|      'd' 
April  l."i,  Pipi,  pp   :17:1    I  .  -   , 

llaiiii;!,  \\  ('  ,  I  li  iiiiiiy  iliiM  rail  liiiiK  -v-li|tp;  .Ml  I  A  I  In  in  Ijii;  \.il  1.  N.i  III 
Sipt     l.'p.  Pll.'i,  pp   tM|i|  tip.' 

Inm  .\t;i-     lll.i-l  fiiiii.iir  ami  hiimiiI  kiln  imla-li      \i.l    IdJ.  Nuv    |  |.  pi|s,  p    pjifi 

Mi-.iili',  Hirliiiril  l\  .  Puia.-li  :l^  a  li\ -piiKliin  „\  mnini  imlu-lrv;  jtml.  i'lmlii'i- 
\i.l  Jl.  Plls,  .Inly  17,  pp  H)  pl.  .Inlv  :'.l.  pp  Jl  Jl,  Aim  11  pp  "i  .; '  \,il' 
■-'s.  |ip  -':i  J.'i;  Si-pi   '.'.-1.  II  ■j.-i, 

.Mi'.iilr,  l{,  K  .  Krcint  ili-vi-liipiiiiiiN  III  llir  rrininl  iinlii-iis;  Cliriii  A  M.  i  Iriu 
\iil.  P.l,  No  Till,  Sipt    '.'7.  PUS,  pp    171    I 

I'lirlrr,  .Iiilili  .1  ,  Uri'iiviry  uf  |Mila>li  a.i  a  hy-prniliirl  In  lln  nnniifarliiii'  nf  I'lUil.iiiil 
niniiil  Cinii'iil  Wnrlil,  ( 'liir,ai;ii,  Srpt '.  pll7  .'<ri' al-,  uml.r  .-.anir  I  |i  I.-  Viimti- 
r.in  lirnli/ir,  Ann   :il,  pi|s,  ,,|,   ,-,s  7J 

I'olaHli   fliiiii  ninilit    inilK      |{i\  Ii  w      Met     A   (  liini     Ijm      \  nl     lii    ,lini.     I       pi|7 

p  (i.-.:i.  .  . 

I'lilH.'^li  iiMinrii-,  ilivili.piniiil  of  iloiiii^lic;  ]:i,t!    A   Min    .loin  .  \  ol     liH.     \iii;    17 

Plls,  p   ill.i 
.Si-liiniill,  Wallir  .\.,  (  onlinl  of  iliiM  m  I'orllaiiil  riim  iil  nianiif.aiiiiir  \,\  tin-  (  oil  r.  II 

priTipilaiion  proios,^:  Imliil,  Intiriiat    ( ■out!,  .\pplhil  ( ■jiriii  ,  Vol    \     pp    ||7    '\ 

Sri- ;iIm.. lour.  Iml   A  Kim.  CIhih  ,  P.l  I  J,  Vol,  I,  p   7Pi, 
'I'liaiior,  .lolm.    l'ola>li   from  riimnl    al    llir   Kuir-uli-  I'orllamI  ('■•inni    (  ■..iiip.in\  ; 

(  lii'in   A  -Mil    l.nu.Voi    hi,  .Iimi-  l.'iili.  !'ll7,)ip   7'i|   :;, 
'I'l-ialior,  J'lliii,   IvxpiTiciicr  of     lln-    l!i'.    rM.li-    I'orllamI    Ci-ini-iil    (' pain     in    ll.i- 

ri'ioviTV  of  polasli  from  ii-iinnt  Mm-  'liLst.      Hcpriiil  of  papi-r  h-.-hI  .ii  .immal  ini-ii- 

lIKi  of  till-  I'orllaiiil  Ci-mrlit   .X^soriir  i.iii,  |)n-.   ||,   p,ll7. 
■|'ri>aiiiir,  .lolm,   lii-print   l.nii-r  In  .1,  W     KJiln-ll,  ( 'li.-iirman.  (' ti,i-  on  Con-ir- 

vation.  I'orllaiiil  Ci-im-nt  .AsMn-ialion    -;i-pi,  pt,  p,i|s 


:;d. 


;!4. 


Chemistry  of  Potash  l.iheration  at  Cement  Mills. 

.\mli  r^oii,  ]-,.,  Diiiilili-  ^alt.-i  of  lalrlmn  ami  i^il.-i.s-iiim  ami  Un-u-  oi  iiu  i.-nn  m  li-,i.  Iniiu 
■  i-mciif  mill  fini- iln-i:  .lour.  Iml.  A  l-a       Clii-m.  \  ol,   1 1.  \o    1     \im    pipi    oi, 

:{-'7  ;i-j.  ■  ' ' 

.\mliTMiii,  I-;,,  jmil  .\i->li-ll,  K,  .1  ,  Volalili/.alloii  of  pola-li  from  i-i-mi  nt  ni.itirial- 
.lour.  Iml.  A  liii);   Clii-m.,  \iil   (I.  No.  :i,  .Manli.  P.I17.  ]).  J."i:i. 

.Vnilirxm,  Iv     i.-^,,-  No   :ii.»,  Ncslill,  H   .1  .  ami  .\iiilir>on,  i;  i 

Ha.-^^i-ll.  II.  I' ,  Si-paration  of  i«)t:i.sli  >:ill>;  Cliirn.  A  Mil.  l-aii;  .  \ol  ■'11  No  J  .l.m 
!.">,  P.IPi.  pp    7ti  77. 

•  ■ln-i--m,-,n.  |i.  |)       iSi-i-  No.  -HI.  I'otlrr,  N.  .><.,  ami  <  ■|ii-i-~ni,in.  l!    U 

Ilaiin.-i.  \\  .  ('..  Mi-i-liann-al  pn-i-ipilalioli  ami  wa>lr  liial  rrrovi-r  pot  i-li-  (  oni-ri  :r 
\ol.  ].',  sup  ,  April,  Plls.  pp.  :i:i  .■,. 
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